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ABSTRACT 
 
It is meant by this research to study & find the most economically feasible & 
valuable ways for the different engineering projects and application of these 
methods to the thermal power plants in Sudan. 
 
In this report, the situation of electricity in Sudan is fully illustrated, as an 
introduction to the report, including sources of electrical energy in Sudan, 
role of electricity in the Sudanese economy, existing and future electric 
power generation, by giving some data & methodologies used in the Long 
Term Power Plan executed by ECOURS, the Canadian Consultant Company 
in 2001. 
 
The report discussed the theory & methodology of a general feasibility study 
of engineering projects, as prepared and suggested by the United Nation 
Industrial Development Organization (UNIDO), for the different countries 
and for different applications. 
 
In this report an application of the feasibility theorems & methodologies for 
the field of building Thermal Power Plants in Sudan is discussed and a case 
study of using the UNIDO computer program, COMFFAR III and NEC 
module are executed for Al Gaili thermal (Combined Cycle) Power Plant. A 
significant results ware obtained and comments on the results with 
recommendations for using such modules ware stated. 
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Chapter 1 
1 Electricity in Sudan 
1.1 Introduction: 
Electricity is energy dissipated in an electrical or electronic circuit or device per unit of time. The 
electrical energy supplied by a current to an appliance enables it to do work or provide some other 
form of energy such as light or heat. Electric power is usually measured in Watts, kilowatts and 
megawatts. The amount of electrical energy used by an appliance is found by multiplying its 
consumed power by the length of time of operation. The units of electrical energy are usually watt-
seconds (joules), watt-hours, kilowatt-hours, Megawatt-hour…etc. For commercial purposes the 
kilowatt-hour is the unit of choice. 
1.2 Sources of Electrical Energy  
Electrical energy occurs naturally, but seldom in forms that can be used. Generally, practical electric-
power-generating systems convert the mechanical energy of moving parts into electrical energy. While 
systems that operate without a mechanical step do exist, they are at present either excessively 
inefficient or expensive because of a dependence on elaborate technology. While some electric plants 
derive mechanical energy from moving water (hydroelectric power), the vast majority derives it from 
heat engines in which the working substance is steam. Roughly 89% of power in the United States is 
generated this way. The steam is generated with heat from combustion of fossil fuels or from nuclear 
fission. In Sudan, thermal generated electric power forms more than 60% of the total power generated. 
Electricity marketing is a very risky market for investors, because of its complications & require very 
large of preparations, agreements & co-ordinations with several parties. 
1.3 Situation of electricity in Sudan 
The electrification ratio, which is measured by the percentage of the population with electricity supply, 
is very weak in Sudan. It is estimated as 13%.  
Electricity mainly supplied by National Electricity Corporation (NEC) in Sudan. There are some small 
private generation & other small government generation in main towns which are not supplied by 
NEC. In addition to that many industrial & large commercial operations have their own standby 
generation & other industries have continuous generation.  
 
There are two systems by which NEC supply their customers, Grid system & Off-Grid system (Some 
times called isolated system). Figure 1.1 shows the NEC Grid. Most of NEC customers are supplied 
by NEC Grid, which is consisted of three interconnected parts, mainly are Khartoum Grid, Sennar 
Grid & Eastern Grid. The Grid system is connected by 220 kV, 110 kV & 66 kV transmission lines. 
Inside this system, 33 kV, 11 kV & 0.415 kV networks are used for the distribution of the electricity to 
the various consumers. NEC Off-Grid system supplied fourteen towns lying in the States.  
In each town there is small medium or low voltage networks for the distribution of power to the 
customers. The main generation system in the Off-Grid is Diesel generation. 
 
The quality of supply in the Grid system is more stable & superior than that supplied by the Off-Grid 
system. The Off-Grid system suffers from lack of spare parts, fuel shortage & inadequate 
maintenance. 
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The Grid system was also subjected to load shedding scheme at peak times in the past, in residential 
sectors, industrial & other consumers. Now the situation is better after insertion of new thermal 
generation in the Grid. 
1.4 Role of Electricity in the Sudanese Economy  
There are four main sectors of electricity consumers in Sudan, mainly industrial, agricultural, 
domestic, and commercial & public sectors. 
The main demand for electricity will be from motors, pumps, lights & cooling, for which there are no 
substitute fuels. 
Sudan is one of the most expected countries to play a big role in the agriculture & food producing 
countries in the world. At the moment the main & strategic crops of the country are cotton & sugar 
cane. Beside these there are wheat, potatoes, bananas, beans, groundnuts, sunflower……etc. Most of 
these crops depend on electricity for irrigation and can be developed.  
There are agricultural industry arise with these products like textile mills, food industries, editable oil 
& sugar.  
The oil is a new revolution factor in the Sudan economy. It adds more & more demand of electricity 
together with expected petrochemical industries. It is one of the important resource & consumer for 
electricity.  
1.5 Existing Electric Power Generation in Sudan 
The total generation in Sudan is divided into two parts, Hydro electric power generation & thermal 
electric power generation. The hydro power mainly generated at Roseres, Sennar & Girba power 
stations.  
1.5.1 Description 
NEC Grid System consisted of three main systems, Khartoum, Central & Eastern Grids. Khartoum 
Grid includes Khartoum North Thermal Power Stations, Kuku Gas Turbine Power Station, and Burri 
Gas Power Station & Kilo X Gas Power Station. Khartoum North consists of Dr. Sharief Steam Power 
Station & the Gas Turbines Power Station. The mentioned Power Stations are connected by the Ring 
Khartoum 110 kV transmission Line. The Grid supplies Khartoum, Khartoum North & Omdurman 
areas via the 110 kV Ring with 33 & 11 kV distribution systems. The Grid supplies Getina & other 
towns in the north of the White Nile Province. 
Central Grid consisted of Sennar Hydro-Power Station & Roseres Hydro-Power Station. These Power 
Stations are connected with 220 kV & 110 kV transmission Lines with Khartoum & the Eastern Grids. 
The Grid supplies Gezira, White Nile & Blue Nile areas. There are also 33, 11 & 0.415 kV 
distribution systems connecting the various parts of the cities.  
The Eastern Grid supplies New Halfa, Gedarif & Kassala areas via 66 kV Transmission Line. There 
are also 11 & 0.415 kV systems for distribution purposes in the towns. 
The Off-Grid Systems consists of Power Stations in fourteen towns in the States. The type of 
generation is Diesel Generation.  
Table 1.1, shows the names & capacity of each of the fourteen Power Stations, which forms the Off-
Grid. 
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TABLE 1.1: Off-Grid Power Stations 
Town State Available Capacity in 2000 
(MW) 
Atbara Nile 9 
Shendi Nile 3.7 
Karima Northern 2.4 
Dongola Northern 1.9 
Wadi Halfa Northern 1.2 
Obied North Kurdufan 8.7 
Um Rowaba North Kurdufan 1.0 
Port Sudan Red Sea 7.7 
El Fashir North Darfur 2.9 
Nyala South Darfur 2.4 
Al Ginaina West Darfur 1.05 
Juba Bahr Al Jabal 0.5 
Wau West Bahr Al Gazal 0.6 
Malakal Upper Nile 0.4 
Overall  43.5 
1.5.2 Existing Situation  
Table 1.2 shows the status of electrifications in both Grid & Off-Grid, with connections & private 
generation. 
TABLE 1.2: Status of Electrification in 2003 
State   No of houses No. of Houses with Legal Electrical Connection %legally connected 
  Urban Total %Urban Grid NEC Off- Private Total Overall NEC Private 
      Grid    Supplied 
 
Khartoum   650,940  761,333  85.5%  193,227   4,860  198,087  26.0%  25.4%  0.6% 
Al Gezira   115,742  538,333  21.5%  60,086   740  60,826  11.3%  11.2%  0.1% 
Sinnar   51,907  190,833  27.2%  29,877   109  29,986  15.7%  15.7%  0.1% 
Blue Nile   25,184  103,000  24.5%  2,382   123  2,505  2.4%  2.3%  0.1% 
White Nile   90,303  240,167  37.6%  17,278   195  17,473  7.3%  7.2%  0.1% 
Kassala   79,643  239,167  33.3%  20,766   521  21,287  8.9%  8.7%  0.2% 
Gadarif   65,557  236,667  27.7%  12,303   1,807  14,110  6.0%  5.2%  0.8% 
Northern   13,752  95,500  14.4%   15,130  4,649  19,779  20.7%  15.8%  4.9% 
Nile   47,976  147,167  32.6%   33,208  975  34,183  23.2%  22.6%  0.7% 
Red Sea   70,386  119,500  58.9%   17,865  -  17,865  14.9%  14.9%  0.0% 
Kordofan   70,859  243,500  29.1%   12,532  3,420  15,952  6.6%  5.1%  1.4% 
Darfur North  43,537  235,333  18.5%   5,700  5,750  11,450  4.9%  2.4%  2.4% 
Darfur South  83,754  445,500  18.8%   2,907  3,136  6,043  1.4%  0.7%  0.7% 
Darfur West  30,306  256,833  11.8%   2,291  379  2,670  1.0%  0.9%  0.1% 
Bahr El Gazal  53,322  378,167  14.1%   2,000  14  2,014  0.5%  0.5%  0.0% 
Equatoria   51,792  208,000  24.9%   6,300  -  6,300  3.0%  3.0%  0.0% 
Upper Nile   48,960  240,000  20.4%   1,550  2,800  4,350  1.8%  0.6%  1.2% 
Kordofan South  41,100  182,667  22.5%    2,100  2,100  1.1%  0.0%  1.1% 
Kordofan West  35,853  184,333  19.5%    2,791  2,791  1.5%  0.0%  1.5% 
Total Grid Areas  1,079,276  2,309,500  46.7%  335,919  -  8,355  344,274  14.9%  14.5%  0.4% 
Total Off-Grid Areas  591,597  2,736,500  21.6%  -  99,483  26,014  125,497  4.6%  3.6%  1.0% 
 
Overall   1,670,873  5,046,000  33.1%  335,919  99,483  34,369  469,771  9.3%  8.6%  0.7% 
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1.6 Future Electricity Generation           
1.6.1 Historic Background of Supply & Demand. 
The following Table 1.3 shows the overall Grid statistics through the years 1990 to 2001. 
Figure 1.2 illustrates the rise in the Grid generated energy & maximum demand from the year 1972 to 
2001. The Electricity demand of the connected consumers is greater than the available generation.  
From table 1.3, with rows numbers (1) to (19), we can explain the following formulas: 
(4) = (1)/ [(3) x365x24]/1000 
(6) = (1) – (5) 
(10) = (1) + (9) 
(12)= (11)/ (10) 
(13)= (10) + (11) 
(14)= [(13)/ (1)]x100% 
(16) = (3) + (15) 
(18) = (13)x(14/100) 
(19) = (13) – (18) 
Where (11), suppressed energy demand, which is defined by the demand that is connected but not 
fully supplied.    
And (12), % generation (actual + load-shed)  
And (15), suppressed + load-shed max. Demand 
For illustration of the mentioned formulas, in table 1.3, NEC Grid statistics, under the year 1990, 
Losses in Raw number (6) is equal to the actual generation in raw number (1) minus the Grid sales in 
raw number (5), ( i.e.  1.515 – 1.269 = 256 GWh).  
 
FIGURE 1.1: Existing Grid System 
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TABLE 1.3: NEC Grid Statistics 
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FIGURE 1.2: Grid Generated Energy & Maximum Demand 
 
 
1.6.2 Load Forecast Methodology 
 
 
A load forecasting computer model in NEC is normally constructed using the Excel spreadsheet 
program. This Model comprises seven files (one for each customer category) as follows: 
• Residential 
• Small Commercial and Industrial 
• Large Industry and Bulk Supplies (excluding Large Irrigation) 
• Large Irrigation 
• Agriculture (small irrigation) 
• Government 
• Summation 
 
Each of the first six files forecasts the unsuppressed energy consumed by each sector. The forecasts 
are made by load centre for the whole country, and include a programme for providing electricity 
supply to all the districts of the Sudan over the twenty year period 2002 –2021. A total of 101 loads 
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centers are considered, comprising the 14 existing Grid centers and 87 other load centers termed “Off-
Grid”, however, as the grid is extended some of these 'Off-Grid' load centers will be connected to the 
Grid. The 87 centers include the 14 existing “off-grid” power stations in 2001, and the 42 stations 
using Chinese diesel generators planned under three phases and termed 'Off-Grid Planned'. The 
remaining 31 load centers are termed 'Off-Grid Future'. 
The customer categories have been selected based on the current classified tariff categories, except 
that Large Irrigation has been separated from the Large Industry and Bulk Supplies tariff category. 
The forecast is based on a combination of econometric and end-use techniques as described below. 
The starting point for each forecast is the estimated un-suppressed energy consumption (billed plus 
non-technical losses plus suppressed demand due to generation constraints) in 2001 of the existing 
load centers, and the number of connections (metered plus un-metered). 
The forecast for each sector is based on a projection of the number of connections in each year at each 
load centre multiplied by a forecast of the specific consumption for the consumers (kWh per 
connection), except for Bulk Irrigation, which is based on the projected area irrigated using electric 
motor driven pumps. 
The forecasts of sales for each sector are combined using energy loss factors for each sector to give the 
total energy at each main supply point (either a grid sub-station or the outgoing switchgear at an 
isolated power station). The energy required at the generation level is calculated using loss factors to 
take account of transmission system (if grid connected) and power station use. 
The maximum annual power demand is calculated for each load centre from the consumed energy 
using power loss factors, load factors and coincidence factors for each sector. The power demand at 
the generation level is calculated after allowing for transmission losses and power station use. 
The forecast for the residential sector is the key forecast, as it is the dominant sector, and will remain 
so for the foreseeable future. The overall methodology adopted for the residential forecast is shown in 
Table1.4 
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TABLE 1.4: Residential Forecast Methodology 
 
 
 
The percentage growth rates in connections as shown in Table 1.5 were applied to connections after 
the initial period. 
 
 
Table 1.5 
Growth Rates for Grid and Off-Grid Connections 
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Analysis of existing load centers indicated that the growth in the number of connections is greater than 
that for the residential category, and to accommodate a growth equal to the residential growth rate plus 
the commercial GDP growth rate multiplied by elasticity (1.00) has been used. 
Analysis of the number of connections in Off-Grid areas revealed a figure of initial connections being 
typically about 7% of the residential connections, and this has been used in areas not-yet electrified. 
Note that it was not possible to establish a direct relationship between GDP and the overall 
commercial category consumption with the data available. 
Specific consumption was kept constant, and set at the value in 2001 for existing load centers and 
1400 kWh per consumer for new off-grid centers. This value was deliberately set slightly lower than 
the average value of 1971 kWh/consumer per annum for the existing off-grid centers, as the new areas 
are probably less prosperous. 
Table 1.6 details the adopted driving parameters for projecting future energy demand for the small 
Commerce and Industry Sector energy consumption. 
TABLE 1.6: Small Commerce & Industry Forecast Methodology 
 
 
The majority of the Large Consumers (Bulk Tariff) are industrial, though the category includes hotels, 
bakeries, institutes of higher education and large offices, as well as Bulk Irrigation, which is separated 
out in the forecast. 
A regression analysis was attempted between energy (GWh) used by industry and the industry GDP, 
using data between 1972 and 2000. The best relationship was obtained using a log-log analysis with 
losses included, but was not particularly satisfactory. The elasticity indicated was about 0.75. A 
comparison of the average compound industrial GDP growth p.a. and electrical energy consumed 
indicated an elasticity of about 0.6. Given the constraints and uncertainties of the data, an elasticity of 
unity was decided to be used. The GDP of industry without oil was used as the oil industry uses its 
own generation. 
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No large industrial developments at off-grid areas not presently electrified was assumed, in view of 
the remoteness of these areas. For the existing grid and off-grid load centers, the specific consumption 
per consumer was held constant. Table 1.7 sets out the driving parameters adopted for projecting 
future energy demand for large consumers. 
Giad City was included under Khartoum Load centre and future developments at Al Gaili were 
included under Khartoum North. Increased growth rates were assumed at Khartoum for Giad in 2002 
and 2003, and at Khartoum North for Al Gaili in 2005 and 2006. 
The large amounts of suppressed industrial demand at Port Sudan and Atbara have been accounted for 
by increased growth rates in the first few years. 
TABLE 1.7: Large Consumers (Excluding Irrigation) Assumed Parameters 
 
 
The prediction of large-scale irrigation demand was based on the Long-Term Agricultural Strategy 
Plan for 2002 to 2027 which was provided by the Ministry of Irrigation. This indicated the existing 
and future areas to be irrigated by different river systems. Large Scale Irrigation (above 100 KVA of 
declared capacity or the equivalent diesel engine driven pump) was assumed to comprise all the large 
scale schemes and 50% of the Public Projects. Table 1.8 indicates the overall methodology which is 
based on end-use (area irrigated). 
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TABLE 1.8: Methodology for Large Scale Irrigation 
 
 
The methodology used for the forecast of the consumption of the Small Irrigation category (Table 1.9) 
has been based on the Long-Term Agricultural Strategy Plan for 2002 to 2027. All Private Pumping 
schemes and 50 % of Public Pumping schemes are assumed to fall in this category. Table 1.10 shows 
the areas that are projected to be irrigated, and estimates the electricity demand if all the irrigation was 
by electric motor-driven pumps. Experience in Sudan and other developing countries has shown that, 
if reliable electricity supplies are available and the tariff is not excessive, farmers will rapidly switch 
from engine-driven to motor-driven pumping. In Table 1.10 the estimated existing unrestricted sales 
(i.e. including un-metered/illegal connections and if no load-shedding) and an assumption of 90% of 
small irrigation being by electric pumping by 2012 (100% by 2027) has been used to estimate the 
growth rates in the number of small agricultural connections by river system. The consumption per 
connection has been assumed to be a constant. These growth rates have been used in the forecast, and 
applied to load centers according to the River System they lie on or are near to. Areas with an existing 
small agricultural load, but not lying on a main River System, have been given a low growth rate. 
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TABLE 1.9: Methodology for Small Irrigation 
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TABLE 1.10: Small Scale Irrigation 
 
 
Examination of past growth of the Government sector demand in established load centers indicated 
that growth in this sector has been about 50% of residential growth rates. This rate of growth has 
therefore been applied in the future. 
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 Table 1.11: Methodology of Government Sector 
 
 
 
 
 
1.6.3 Load Forecast Summary Results: 
 
Tables 1.12 & 1.13, shows the summary results for the base Case Load Forecast for both existing Grid 
& Off-Grid while Figure 1.5 and Figure 1.6 show the forecast broken down by sector on a year – by 
year bases.  
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TABLE 1.12: Base Case Forecast of Unsuppressed Energy & maximum Energy Demand-Existing Grid 
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TABLE 1.13: Base Case Forecast of Unsuppressed Energy & maximum Energy Demand Off-Grid 
 
  
 
 
 
FIGURE 1.3: Base Forecast Energy Consumption by Sector for Existing Grid 
 
 
FIGURE 1.4: Base Forecast Energy Consumption by Sector for Existing Off-Grid 
And Unsupplied Load Centers 
Figure 1.5 shows the long term scenario for high voltage of the Sudan future Grid 
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 FIGURE 1.5: High Voltage Network Long Term Scenario 
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Chapter 2 
2 Feasibility Studies of Engineering Projects 
2.1 Introduction: 
Feasibility studies are conducted to investigate the viability of a project or product. In 
a process, various aspects can be reviewed environmental, technical, financial-
economic & social aspects. Feasibility studies can be carried out with respect to broad 
outlines, as a preliminary study or can focus purely on aspect, or be very detailed 
studies covering all aspects. Moreover feasibility studies are sometimes carried out in 
connection with scenarios. In feasibility study, an investigation of the environmental 
aspects of various scenarios should be considered. 
The feasibility study of a project should include the following topics: 
• Project background. 
• Market analysis & market concept. 
• Raw materials & supplies. 
• Location, site & environment. 
• Engineering & technology. 
• Organization & overhead cost. 
• Human resources. 
• Project implementation. 
• Financial analysis & investment appraisal. 
 
2.2 Project Cycle: 
The development of a project from the stage of its idea to the stage of operation can 
be shown in a cycle form. This cycle is shown in figure 2.1 
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FIGURE 2.1, PROJECT CYCLE 
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2.3 Feasibility Study 
2.3.1 Project background: 
A project background is very important to be studied & reviewed. This should consist 
of the followings: 
• Description of the project idea, which includes the a list of the major project 
parameters, project objectives & description, project location, product & 
product mix, economic & industrial policies, outline economic, show of 
different geographical levels & highlighting the economic. 
• Project promoter & this should show names & addresses, financial 
possibilities, role within the project & other relevant information. 
• Project history, which should include a historical development of the project, 
like dates of essential events in the history of the project, studies & 
investigations already performed & conclusions arrived at & decision taken on 
the basis of the former studies.  
• Feasibility study with author, title & ordering party. 
• Cost of preliminary studies & related investigations, which should include pre-
investment studies, opportunity studies, pre-feasibility studies, feasibility 
studies, partial & support studies, experts & consulting fees & preparatory 
investigation such as land survey, quantity surveys, quality tests & other 
investigations. 
• For calculations, the following Schedule is used. 
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Schedule 2.1, Costs of pre-investment studies & Preparatory studies 
Project: ……. 
Date: ……… 
Source: ……. 
Currency: ….      Units:…... 
 
Item Description Cost of 
foreign 
component 
Cost of 
local 
component 
Total cost Year 
Pre-investment studies 
… 
… 
… 
 
 
    
Total cost, pre-investment studies     
Preparatory investigation 
… 
… 
… 
 
 
 
 
    
Total cost, preparatory studies     
Grand total     
2.3.2 Market Analysis: 
Normally basic objective of any industrial project is to benefit either from utilization 
of available resources or from the satisfaction of existing demand for the product or 
service of the project. This objective can only be forecasted if the only, from very 
beginning, the corresponding marketing characteristics are determined in order to 
avoid isolated marketing or engineering solutions.  
a- Marketing : 
• The term marketing is defined or explained as a market orientation of 
the management with regard to business decisions and can be characterized by 
the following elements: 
• Business philosophy, which is explained as marketing puts the 
problems, needs & customers desires at the center of the business activities of 
the firm. 
• Marketing Research, which is achieved by a well-planned & 
systematic market & market-related research for a precondition of market-
oriented decision making, is done. 
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• Marketing Instruments, by using the necessary combination of market 
tools to achieve a successful implementation of marketing strategies, in a well-
planned manner. 
• Marketing plan & budget, is necessary to achieve the marketing 
objectives to determine the required measures by preparing a plan of action 
together with the corresponding marketing costs. 
b- Marketing Research: 
• There are three principal aims of demand & market analysis which are 
valid for a pre-investment study phase & operational phase. First, market-
project relation should be made transparent for the management & secondly 
the strategic constrains & problems should be identified & finally strategic 
options for the project should be highlighted. 
• There are two basic options for obtaining the required data, Desk 
research which the assessment of existing information contained for example 
in statistics & reports that were originally collected or prepared for other 
purposes.  
• The second way is field survey which is the assessment of information 
directly by interviews, tests & observations.  
• The work should be prepared in the following manner: 
Assessment of the target market structure. 
Customer analysis & market segmentation. 
Analysis of the channels of distribution. 
Analysis of competition. 
Analysis of socio-economic environment. 
Corporate (internal) analysis. 
Projection of marketing data 
Conclusions, prospects & risks. 
 
The matrix of figure 2.1 below shows the problem classification according to the 
complexity of each problem. 
The problem matrix can be interpreted according to the requirement of each problem 
as follows: 
• Type I requirement 
A very precise & comprehensive analysis 
A through market & competition analysis 
A detailed consideration of further strategic options 
Gradual refining of functional strategies, with checking or justification of underlying 
critical assumptions. 
• Type II requirements 
A through analysis of problems. 
A rough consideration of the most important strategic alternatives. 
A gradual refining of critical functional strategies. 
• Type III requirements 
An assessment & description of problems relating to the project. 
Drafting of a concept without explicitly elaborating alternative options. 
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• Type IV requirements 
A simple assessment of the project conditions. 
Preparation of a concept based on the most important or critical aspects 
only. 
As a general rule a feasibility study would be of type I, a pre-feasibility study of type 
II & opportunity studies of type III or IV. 
 
 
                            Important for 
                            the Project 
Novelty or  
Complexity 
Of the problem 
High Medium Low 
High I I II 
Medium I II III 
Low II III IV 
 
FIGURE 2.2, PROBLEM CLASSIFICATION 
 
 
c- Outline of the project Strategy 
 
After the feasibility studies in particular, the scope and structure of marketing 
research have been described. The preparation of a marketing concept for an 
investment project requires that a project strategy has been determined beforehand. 
For this purpose it is necessary to differentiate between objectives and strategies. The 
objectives indicate the direction of the investment project (for example, import 
substitution, utilization of national resources, earning of foreign exchange), while a 
strategy defines the means and activities required to reach the project objectives (for 
example, cost leadership, differentiation). 
Product-market relations and basic strategies 
(a) Competition strategy 
 
This strategy aims at gaining market shares from competitors. When a market has 
reached saturation or its growth limit, it is usually advisable to determine a 
competitive strategy. As mentioned before, the firms with the greatest market shares 
in general change to a competitive strategy later than the smaller ones. The following 
competitive strategies can be distinguished: 
Aggressive price strategy (with, for example, dumping prices); imitation strategy (for 
example, with the objective of benefiting from the main competitor’s marketing 
efforts); and profile strategy (focusing not on price competition but on quality, extra 
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performance and brand name). The profile strategy corresponds to the differentiation 
or niche strategy. 
(b) Market expansion strategy 
The marketing mix can be geared to the creation of new markets (new customer 
groups, demand expansion) or to demand intensification (more consumption by 
existing consumer groups). This strategy would be typical for growing markets (early 
phase in the life cycle). Before choosing this strategy, the following aspects should be 
considered: the current phase of the sub-sector life cycle; the possibilities of 
influencing the market, whether the sales price is an important purchasing criterion; 
and whether there are any possibilities for building up a special image. 
2.3.3 Raw materials and supplies 
There is a close relationship between the definition of input requirements and other 
aspects of project formulation, such as the definition of plant capacity, location and 
selection of technology and equipment, as these inevitably interact with one another. 
The selection of raw materials and supplies depends primarily on the technical 
requirements of the project and the analysis of supply markets. Important 
determinants for the selection of raw materials and factory supplies are environmental 
factors such as resource depletion and pollution concerns, as well as criteria related to 
project strategies, for example, the minimization of supply risks and of the cost of 
material inputs. 
In order to keep the cost of feasibility studies at a reasonable level, key aspects are to 
be identified and analyzed in terms of requirements, availability, costs and risks, 
which may be significant for the feasibility of a project.  
2.3.3.1 Classification of raw materials and supplies 
a- Raw materials (unprocessed and semi-processed) 
Agricultural products 
Livestock and forest products 
Marine products 
Mineral products 
 
b- Processed industrial materials and components 
Processed industrial materials and goods constitute an expanding category of basic 
inputs for various industries in developing countries. Such inputs can be generally 
classified under base metals, semi-processed materials relating to a wide variety of 
industries in different sectors, and manufactured parts, components and subassemblies 
for assembly-type industries, including a number of durable consumer goods and the 
engineering goods industry. In all these cases, it is necessary to define requirements, 
availability and costs in some detail, to ensure that the specifications in the case of the 
two latter categories suit the production programmed envisaged for the project. 
In the case of base metals, availability and prices during any particular period depend 
on sometimes unstable international markets. The substitutability of such .metals 
should therefore be examined, for example, the replacement of copper by aluminum 
in the case of electrical power lines, if these are available at lower costs. Where such 
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substitution is not technically feasible, however, pricing of project outputs would have 
to be adjusted to fluctuations in the cost of metals. While the availability of imported 
base metals at defined international prices is usually not a problem, if there are no 
foreign exchange Constraints, unexpected price increases could have a severe 
financial impact on the project. 
2.3.3.2 Factory supplies 
a- Auxiliary materials and utilities 
Apart from basic raw materials and processed industrial materials and components, all 
manufacturing projects require various auxiliary materials and utilities, usually 
subsumed as factory supplies. It is not always easy to distinguish between auxiliary 
materials, such as chemicals, additives, packaging materials, paints and varnishes, and 
factory supplies, such as maintenance materials, oils, grease and cleaning materials, 
since these terms are often used interchangeably. However, the requirements of such 
auxiliary materials and supplies should be accounted for in the feasibility study. The 
current consumption of wear-and-tear parts as well as of tools should also be 
projected. 
A detailed assessment of the utilities required (electricity, water, steam, compressed 
air, fuel, effluent disposal) can only be made after analysis and selection of location, 
technology and plant capacity, but a general assessment of these is a necessary part of 
the input study.  
b- Specification of requirements 
In order to estimate the requirements of materials and supplies during the future 
operation of the plant, such requirements should be identified, analyzed and specified 
in the feasibility study, both quantitatively and qualitatively. In carrying out this work, 
consideration must be given to a number of socioeconomic, financial and technical 
factors that could have a strong influence on the types, quantities and qualities of the 
project inputs, in particular the following: 
• Socio-economic factors: 
Social and cultural environment, socio-economic infrastructure (social and economic 
policies and regulations, infrastructural services, transport and communications 
system etc.) 
• Commercial and financial (business) factor: 
• Project size, skill and productivity of the labour force, market demands 
regarding product quality, product mix, competition for materials, supplies and 
services etc. 
• Technical factors: 
• Type of industry, technology and production process, y type of 
machinery and equipment, production capacity and estimated production etc. 
The specification of raw materials and factory supplies, as required for the envisaged 
production technologies, is the basis for the assessment and analysis of the availability 
of the project inputs. Normally these specifications will be based on a preliminary 
project design, and only when the detailed specifications of the inputs available are 
known, the final engineering design of the project can be prepared. However, it is 
very important to consider during this stage of project design that there exists not only 
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a relationship between material input and engineering design, but also an 
interdependence with the market and marketing concept, locational aspects and the 
availability of human resources, For example, a change of the characteristics of raw 
materials may also result in a change of the product range (for example, by-products) 
and quality, which may require a revision of the marketing concept, or even of the 
project strategy (different market segments, concentration on a market niche etc.). 
Therefore, the determination of raw material input and factory supplies can be carried 
out in steps only, and it might be unwise to choose a technology or equipment that is 
too sophisticated in relation to the quality of materials and inputs and the experience 
and skill of the labour force. 
c- Availability and supply 
The sources and the constant availability of basic production materials are crucial to 
the determination of the technical and economic viability as well as the size of most 
industrial projects. In many industries, the selection of technology, process equipment 
and the product mix depend largely on the specifications of the basic materials, while 
in others the potential quantities available determine the size of the project. The prices 
at which such materials are available is a determinant of the commercial and financial 
viability of most industrial projects. In fact, a number of projects are conceived either 
to exploit available raw materials or to utilize basic materials that become available 
from other production processes. 
A feasibility study must show how the materials and inputs required will be provided. 
General availability, data about materials, potential users and supply sources and 
programme will have to be analyzed and described. The interdependencies between 
project design, material and input requirements and supply of these items should be 
considered. This means that machinery, equipment, production process, capacity etc. 
may have to be revised if inputs with the specified characteristics and quantities 
cannot be production as required. 
At the initial stage of the study the quantities of basic material inputs that may be 
required should be assessed principally for the purpose of determining availability and 
sources for immediate and long-term needs. A final assessment of input requirements 
can be made only after inc plant capacity as well as the technology and equipment to 
be used are defined. 
d- Input alternatives 
In many projects different raw materials can be used for the same production. When 
this is the case, the raw materials must be analyzed to determine which is most 
suitable, taking all relevant factors into consideration. If alternative materials are 
easily available, the problem is one of economics of the process and technology rather 
than of feedstock selection, although the feed material is still a basic issue. If 
alternative materials are used, the discussion should also include an assessment of the 
environmental impact of each material. 
2.3.3.3 Supply marketing and supply programme 
An enterprise acts as a buyer on supply markets when purchasing required raw 
materials and factory supplies. Relations with the suppliers will have to be established 
and developed, with bargaining power playing a possible key role, especially when 
capital goods are purchased or in the case of long-term supply contracts. Supply 
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marketing must be planned for the initial purchases for a plant erection but also for 
the continuous operation of a plant. 
Supply marketing 
The objectives of supply marketing are basically cost minimization, risk minimization 
(reliability of supplies) and the cultivation of relations with supplier. 
Cost minimization 
Input costs can be reduced, by selecting appropriate suppliers and by choosing a 
proper volume and frequency of the orders. Any cost minimization opportunity not 
identified and considered during the feasibility study phase is difficult to make up 
later during plant operation. This could have then a significant impact on the financial 
feasibility of the project by reducing the net cash flows and net profits generated. 
Supply marketing is therefore a vital factor for success. 
Risk minimization and reliability of supplies 
Reliability as regards quantities, qualities, deadlines and prices is significant for the 
entire manufacturing process. Late deliveries, lack of quality or poor maintenance 
services may have serious consequences for the entire manufacturing process. These 
risks must therefore also be considered in the purchasing strategy to ensure that 
supplies are in accordance with the production requirements. 
Cultivating relations with the supplier 
Purchases should be focused not only on acceptable prices, but also on establishing 
smooth and productive relations with the supplier. In the long run, it can be very 
advantageous to establish a relationship of mutual trust. 
Supply marketing should be designed to reinforce the bargaining position of a project 
or enterprise. Purchasing prices and conditions largely depend on the bargaining 
power of the project and its management. Both short- and long term considerations 
should prevail. To select a supplier with favorable, purchasing prices may seem 
tempting, but if the supplier is unable to carry out sufficient repair and maintenance 
work when a plant is in operation, the selection could easily prove very unfavorable in 
the long run. 
2.3.3.4 Costs of raw materials and supplies 
a- Unit costs: 
Not only the availability but also the unit costs of basic materials and factory supplies 
have to be analyzed in detail, as this is a critical factor for determining project 
economies. In the case of domestic materials, current prices have to be viewed in the 
context of past trends and future projections of the elasticity supply. The lower the 
elasticity suply, the higher the price, as related to prolong demand for a particular 
material. For domestic inputs the costs of alternative means of transport should also 
be considered. For imported ‘material inputs, c.i.f. prices (including costs, insurance 
and freight) should invariably be adopted together with clearing charges (including 
loading and unloading), port charges, tariffs, local insurance and taxes, and costs of 
internal transport to the plant. The prices of imported inputs generally fluctuate less, 
except when: 
• International markets are rather volatile; 
  Page 34
• Monopolistic or oligopolistic conditions prevail; 
• Supplies are linked contractually to a particular source, as between a foreign 
subsidiary and its parent firm or between a licensee and licensor;~ 
• There is governmental action by way of tariffs or duties or major changes 
therein. 
 
The impact of the domestic manufacture of a material that is a basic input for an 
industrial project may be significant. In most cases, domestic production costs and 
consequently prices of such inputs are higher than prices of imported inputs, 
particularly during initial production years. This can have substantial effects on 
production costs of user industries. The extent to which consequent ~ price 
adjustments in the final product would affect demand for the product should be 
assessed. 
b- Annual costs: 
The price basis for the estimates (price level, quotations from suppliers, world market 
prices, comparisons with similar inputs in other projects etc.) should be stated in order 
to enable the reader to check their reliability. 
The price mechanism should be explained. Some prices may be fixed or related to an 
international index for a certain contract period. Others may be subject to a 
predetermined rate of escalation or be renegotiated every year. Some items may be 
expected to experience a more rapid price escalation than others. For critical inputs 
the feasibility study should also determine key factors affecting prices, state whether a 
monopolistic or oligopolistic situation exists, identify possibilities for obtaining 
preferential prices and specify government or other administrative price controls. 
Cost estimates are to be divided into foreign and local currency components. The 
currencies most likely to be used and the exchange rates applied for the cost estimates 
should be identified. This will enable the impact of exchange rate variations to be 
determined later by sensitivity analysis. 
c- Overhead costs of supplies 
When estimating material and input requirements by project components, the project 
planner has to plan not only at the level of production cost centers, but also at the 
level of service, administration and sales cost centers.  
2.3.4 Location, site and environment 
Following the assessment of demand and the definition of basic project strategies with 
regard to the sales and production programmes, plant capacity and input requirements, 
a feasibility study should determine the location and site suitable for an industrial 
project. Location and site are often used synonymously but must be distinguished. 
The choice of location should be made from a fairly wide geographical area, within 
which several alternative sites can be considered. An appropriate location could 
extend over a considerable area, such as along a river bank or a 15-kilometre radius 
around an urban area in a particular geographical district. Within a recommended 
location one or more specific project sites should be identified and assessed in detail. 
For each project alternative the environmental impact of erecting and operating the 
industrial plant should be assessed. In many countries, regulations also require the 
preparation of an environmental impact assessment in order to obtain the permits for 
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the erection and operation of industrial plants. In case of industrial complexes with a 
significant impact on the environment, the socio-economic and ecological 
consequences have to be studied carefully in detail, and their evaluation should be 
fundamental in making the final decision not only on the choice of site, but also on 
the scope of the project and the selection of technology. 
2.3.4.1 Location analysis: 
Location analysis has to identify locations suitable for the industrial project under 
consideration. A project can potentially be located in a number of alternative regions, 
and the choice of location should be made from a fairly wide geographical area within 
which several alternative sites may be considered. The feasibility study should also 
indicate on what grounds alternative locations have been identified, and give reasons 
for leaving out other locations that were suitable but not selected. 
The choice of location is not always based on a systematic step-by-step analysis and 
assessment of a gradually reduced number of possible, locations, ending up with the 
optimum solution. A location may sometimes be suggested at an early stage by the 
project promoters. However, the methodology of analyzing such a suggestion is the 
same, and the location in question will still have to fulfill the key requirements 
identified as essential or critical for a feasible and viable implementation and 
operation of the project. 
 
The impacts and requirements to be identified may be classified as follows: 
• Natural environment, geophysical conditions and project requirements 
• Ecological impact of the project, environmental impact assessment 
• Socio-economic policies, incentives and restrictions and government plans and 
policies 
• Infrastructural services, conditions and requirements, such as the existing 
industrial infrastructure, the economic and social infrastructure, the 
institutional framework, urbanization and literacy. 
 
The natural environment 
Climatic conditions: 
Climate can be an important locational factor. Apart from the direct impact on project 
costs of such factors as dehumidification, air-conditioning, refrigeration or special 
drainage, the environmental effects may be significant. Information should be 
collected on temperature, rainfall, flooding, dust, fumes and other factors for different 
locations. 
Climatic conditions are relevant in different ways, depending on the type of project. 
Agro-industrial projects may experience fluctuating quantities and qualities of raw 
materials owing to extreme weather conditions. Means of transport may become less 
reliable in the case of heavy snow or rainfall, causing interrupted supplies of 
perishable products to distant markets. Transport and construction works are usually 
more complicated and expensive under extreme conditions, which may be a critical 
factor in projects with heavy transport and large construction works. 
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A project may also be dependent on climatic conditions in an indirect way. The 
construction, operation and management of the plant may be less efficient or more 
expensive if an adequately skilled labour force is reluctant to work in areas with 
extreme climatic conditions. This aspect is particularly important for personnel in key 
positions (top management, administrative staff, and skilled labour) and in scarce 
supply. 
Ecological requirements: 
Some projects may not have a negative environmental impact themselves, but rather 
be sensitive to such effects. An agro-industrial project clearly depends on the use of 
raw materials that have not been degraded by contaminated water and soil. A project 
using huge volumes of process water with strict quality requirements will suffer if 
nearby industries use a river as a recipient of waste water. Management and labour 
may be reluctant to work in a factory located in a polluted area with health risks. 
Environmental impact assessment 
The feasibility study should include a thorough and realistic analysis of the 
environmental impact of industrial investment projects. This impact is often of crucial 
importance for the socio-economic, financial and technical feasibility of a project. 
The site and environmental impact analysis will cover the impact of the project and its 
alternatives (in terms of size, technology etc.) on the surrounding area, including its 
population, flora and fauna. This analysis should be integrative and interdisciplinary, 
assessing the overall impact while taking into account the synergetic effects of 
interlinked systems. 
Environmental impact assessment is designed to develop an understanding of the 
environmental consequences of a newly planned or existing project and of any 
project-related activities. These consequences and the beneficial or adverse effects of 
such human activities on the environment are assessed and evaluated from a technical, 
financial and socio-economic point of view, to the extent that they are significant for 
the project implementation decision. A project may impinge upon the human habitat 
directly or indirectly. An ecological perspective regards the human habitat in terms of 
the complex network of interactions with the natural, cultural and socio-economic 
environment. 
Environmental conflicts 
Some projects may have environmental impacts that will obviously rule out certain 
locations, if serious or irreparable pollution and damages are to be avoided. 
Environmental conflicts might also lead to compensation claims, substantial costs for 
purification and equipment, and possibly a risk that the plant will have to be closed 
down. The potential risks related to the location of projects with negative 
environmental impacts are usually so great that these aspects must be seriously 
considered in the feasibility study, including potential conflicts with existing and 
future neighboring industries, urban settlements and other elements, which should be 
identified and analyzed in so far as they may affect the investment decision. 
Objectives of environmental impact assessment  
The general objective of environmental impact assessment in project analysis is to 
ensure that development projects are environmentally sound. This implies that the 
effects of the project over its projected life do not unacceptably degrade the 
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environment, and that no residual effects are anticipated that would contribute to 
long-term environmental deterioration. The immediate and long-term health and 
welfare of people are linked to their natural, cultural land socio-economic 
environment. For this reason, and to promote the objective of incorporating the ideas 
and aspirations of the affected population in the decision process, public participation 
from the earliest stages and throughout the project development cycle is desirable. 
 
The specific objectives of environmental impact assessment are as follows: 
• To promote a comprehensive, interdisciplinary investigation of environmental 
consequences of the project and its alternatives for the affected natural and 
cultural human habitat 
• To develop an understanding of the scope and magnitude of incremental 
environmental impacts (with and without the project) of the proposed project 
for each of the alternative project designs. 
• To incorporate in the designs any existing regulatory requirements 
• To identify measures for mitigation of adverse environmental impacts and for 
possible enhancement of beneficial impacts 
• To identify critical environmental problems requiring further investigation 
• To assess environmental impacts qualitatively and quantitatively as required, 
for the purpose of determining the overall environmental merit of each 
alternative 
Phases and structure of environmental impact assessment 
The environmental impacts of each phase of the project development cycle will 
usually differ. During the planning phase, for example, the environmental effects may 
be strictly social and economic. New political and social alignments may arise among 
proponents and opponents. The anticipation of a proposed project may have economic 
consequences for associated resources. The impacts of the construction phase are one-
time effects, while those of the operational phase will be recurring. The effects during 
the phases of planning, implementation, start-up and commissioning, operations and 
decommissioning, of required, are considered separately and cumulatively. 
The performance of an environmental impact assessment also involves the following 
steps: the definition of the problem; technology description and forecast; the social 
description and forecast; and the identification, analysis and evaluation of impacts. 
Environmental impact assessment of industrial investment projects is then usually 
followed by policy analysis and the determination of a suitable investment strategy 
and corporate environment policy. Finally, and if required, the environment impact 
statement is prepared. 
2.3.4.2 Socio-economic policies 
Role of public policies 
Government regulations and restrictions may be critical for the location of a project. 
Projects with certain characteristics (involving, for example, a particular industry or 
imported materials) may be allowed only in certain regions. The impact of public 
policies has increased considerably in recent years, and the extent to which such 
policies are applicable to a particular investment proposal should be clearly defined. 
In a number of developed and developing countries there is considerable pressure for 
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the decentralization of industries. In industrialized countries, such dispersal is sought 
principally on environmental grounds to reduce industrial pollution in areas of heavy 
industrial concentration. While the emphasis on environmental considerations is 
increasing also in many developing countries, the main objective of industrial 
decentralization is to reduce the external diseconomies of urban industrial 
concentration. 
Fiscal and legal aspects 
The fiscal and legal regulations and procedures applicable for alternative locations 
should be defined. The various national or local authorities to be contacted in respect 
of power and water supplies, building regulations, fiscal aspects, security needs etc. 
should be listed. The corporate and individual income taxes, excise duties, purchase 
taxes and other national or local taxes should be ascertained for different locations, 
together with the incentives and concessions available for new industries. These could 
vary considerably for different areas and may be a significant locational determinant 
in some cases. It would also be useful to list any building and other standards and 
regulations to ‘which the project would need to conform. 
Infrastructural conditions 
Infrastructure dependence 
The availability of a developed and diversified economic and social infrastructure is 
often of key importance for a project. The feasibility study should identify such key 
infrastructural requirements because they are vital to the operation of any project. For 
this purpose it is necessary to have an understanding of the scope and techno-
economic characteristics of the project, the capacity to be installed and the technology 
to be applied. 
Technical infrastructure:  
The study should analyze whether project requirements regarding technical 
infrastructure imply a constraint for the choice of location. The analysis should cover 
not just the quantities required but also other characteristics (such as reliability, 
quality and physical aspects). The study must distinguish between desirable and 
critical requirements and demands. There are many elements which are preferable 
although not essential for the feasibility of a project. 
Transport and communication:  
Transport facilities (by rail, road, air or water) may be available for the inflow of 
various inputs and for the marketing of products. Availability and cost will have to be 
detailed for the total volume of inputs into the proposed plant and the total outputs 
leaving the plant, with comparisons for various alternative locations. The amount of 
detail needed depends on the nature and the extent of the transport involved. 
Factory supplies 
Water:  
The water supply, apart from such projects as a brewery for which it is also a raw 
material, should be identified. The water required for a project can be ascertained 
from the plant capacity and technology. First, the availability of Water and the costs 
entailed should be determined, including: the quantities that could be obtained, if any, 
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from public utilities, together with the conditions of supply and price; and the separate 
facilities, and their estimated cost, that would have to be provided by the project from 
surface (for example a river) or sub-surface sources. Secondly, the quality of the 
water at different locations should be assessed for different purposes, such as 
drinking, cooling or steam generation. 
Electricity: 
 The inadequate supply of electricity or its high unit cost in a particular area can 
constitute a major constraint for a project or for a particular technological process 
such as electrical smelting. Where the location of a resource-based project cannot be 
changed, the project has to provide its own power source. Power requirements can be 
defined in relation to plant capacity, and the supply and cost at various locations 
should be studied. To determine the impact of energy factors, however, it may be 
necessary to collect and compare considerably detailed data for alternative locations. 
In the case of electric energy, such data would need to cover: the amount available; 
whether high- or low-tension current is required; stability of supply; point of tie-in for 
a particular area; and the price at different consumption levels. 
Fuel:  
For coal, coke, fuel oil or gas, such data should cover, for each item, the quantities 
normally available, quality, calorific value and chemical composition (to determine 
pollutants), source, distance to different locations, transport facilities and costs at 
alternative locations. 
2.3.4.3 Human resources 
The availability of managerial staff and skilled labour may be a critical factor for the 
success of a project. When considering alternative locations, the availability of human 
resources, including skilled and semi-skilled workers, and the type of skills, should be 
taken into account. Labour requirements should he estimated together with 
allowances for various categories and general living conditions, including housing, 
social welfare and recreational facilities. Labour history should be identified together 
with any special labour legislation, conditions and attitudes. Most major projects 
incorporate training programmes, either during plant construction or as in-plant 
training. 
Infrastructural services 
For certain projects it may be desirable to consider the facilities available at different 
locations for civil construction, machinery erection or installation and maintenance of 
plant facilities. This would largely depend on the availability and quality of 
contractors and building materials. While such facilities would not be a locational 
determinant, they may affect project costs and should be considered to the extent 
significant for the feasibility. 
Effluent and waste disposal 
Waste disposal may be another critical factor. Most industrial plants produce waste 
products, in some cases highly toxic substances or emissions that may have 
significant impacts on the environment. The disposal of such waste products and 
elimination of emissions can be a critical factor for the socioeconomic and financial 
feasibility of a project. The emissions can be grouped as follows: gaseous (smoke, 
fumes etc.), which are generally processed till the concentration is reduced to safe 
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levels.  physical (noise, heat, vibrations etc.), which are also reduced to tolerable 
levels often through the use of special equipment; and liquid or solid, which are 
discharged through pumps and ewers over considerable distances, settled in tanks or 
mounds, incinerated or specially treated for further use or disposal. 
Certain effluents that are noxious, unpleasant or even dangerous require special 
treatment. The location study should determine the extent of effluent discharge and 
the possible manner of disposal at alternative locations. For this purpose, it may be 
necessary to take into account any rules on emission treatment that may prescribe the 
specific steps and levels of treatment and the disposal. In such cases, the cost of the 
treatment, of pumping and piping facilities, and of establishing and maintaining 
effluent dumps have to be considered, Climatic and environmental data may need to 
be collected to determine the impact on a community resulting from waste disposal. 
This would be particularly applicable in the case of pollutants discharged into the 
atmosphere or into rivers and the sea. 
2.3.4.4 Final choice of location 
The locational requirements and conditions that are significant for the selection of 
both location and site should be judged against the defined corporate strategies and 
the financial and economic impacts the final choice might have on the project. ln a 
feasibility study a good starting-point for the final selection of a suitable location is 
the location of raw materials and factory supplies, or if the project is market-oriented-
the location of the principal consumption centers in relation to the plant. 
If transport costs of materials from the sources to alternative locations have a 
significant impact on the choice of location, the possibilities for substitution of 
materials and inputs should also be assessed. Infrastructure should then be considered 
in terms of availability and cost. A combination of these aspects enables a 
determination of production and marketing costs at alternative locations. Added to 
these costs should be an allowance for socioeconomic and environmental factors. The 
best choice of location would be one where the Costs of products sold (production and 
marketing costs) are a minimum. However, other environmental (ecological and 
socio-economic) factors, including the climate and social welfare facilities, such as 
education, medical services and recreation facilities, will probably also influence the 
selection of a feasible location and site. Various such locational factors, however, can 
be assessed in qualitative terms only. In projects where total costs of products sold do 
not vary much for alternative locations, the qualitative socio-economic environmental 
considerations could have an overriding effect on locational recommendations. 
Site selection 
The feasibility study should analyze and assess alternative sites on the basis of key 
aspects and site-specific requirements. Qualitative as well as quantitative 
considerations are to be taken into account. Differences in existing social 
infrastructure facilities are sometimes as important as transport costs for material 
inputs and product distribution. The analysis should result in a selection of a specific 
site and conclusions regarding the feasibility and viability. 
Once the location (or alternative locations if this is an objective of the study) is 
decided upon, a specific project site and, if available, site alternatives should be 
defined in the feasibility study. This will require an evaluation of the characteristics of 
each site. The structure of site analysis is basically the same as for location analysis, 
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and the key requirements, identified for the project, ma~ give guidance also for site 
selection. For sites available within the selected area, the following requirements and 
conditions are to he assessed: 
• Ecological conditions on site (soil, site hazards, climate etc.) 
• Environmental impact (restrictions, standards, guidelines) 
• Socio-economic conditions (restrictions, incentives, requirements) 
• Local infrastructure at Site location (existing industrial infrastructure, 
economic and social infrastructure, availability of critical project inputs such 
as labour and factory supplies) 
• Strategic aspects (corporate strategies regarding possible future extension, 
supply and marketing policies) 
• Cost of land 
• Site preparation and development, requirements and costs 
 
The importance of these characteristics varies depending on the nature of the project, 
the type of civil construction contemplated, the weight of the heavier equipment 
items, the type of effluent and the number of workers. Different areas within the same 
region can be subject to various restrictions and incentives, and environmental 
conditions may discourage the selection of sites close to an existing polluting industry 
or sites with urban settlements in the immediate neighbourhood. The availability and 
supply of materials, utilities, means of transport and communication obviously varies 
within a region. The site selection study should therefore review all the relevant 
aspects in the context of the proposed project. Full information may not be readily 
available, and it may be necessary to investigate further. 
2.3.4.5 Requirements and relevant factors 
a- Site requirements 
A project may depend on particular site conditions, which should be identified and 
described in the feasibility study. Heavy machinery and foundation works, transports 
and technical installations may require specific ground conditions. A survey should be 
made of soil conditions, including bearing qualities and subsoil water level at 
alternative sites. Special attention should be paid to construction in seismic zones. 
Some sites may require substantial work on site preparation and development, or it 
may be exposed to site hazards such as strong winds, fumes and flute gases from 
neighbouring industries or to risks of floods. The required land area should be 
specified on the basis of buildings, technical installations and facilities included in the 
project. 
Topography, altitude and climate may be of importance for a project, as well as access 
to water, electric power, roads and railways or water transport. 
b- Cost of land 
This analysis is related to materials and inputs as well as technical infrastructure 
discussed below. The distance to urban centers and the social and economic 
infrastructure may be important for the availability of labour. The study should also 
cover existing rights of way (regarding, for example, access roads and water supply) 
and indicate potential problems. 
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The cost of land is an obvious element of site determination and information on this is 
usually available. Industrial areas are possible site alternatives, and in any event 
provide indications of land costs in the area. Costs of site preparation and 
development, should be considered for alternative sites and detailed for the selected 
site. 
c- Construction requirements 
Construction and installation works during the future project implementation may 
sometimes strongly affect the choice of location and site. Aspects such as the 
existence of local contractors, availability of building materials, and means of 
transport for heavy machinery and equipment to be brought to the site, a developed 
social infrastructure and a climate where construction workers and expatriates accept 
to live for a period of perhaps three to five years are sometimes important. Existing 
facilities of different kinds may for instance reduce the construction cost and 
consequently the investment costs as well as financing required. The feasibility study 
should therefore identify and describe requirements and demands during the 
construction and installation phase. 
d- Local conditions infrastructure 
The availability and cost of electricity is common for most sites within a given 
location. If an independent power facility has to be set up as part of the project, the 
cost tends to be similar at various sites within an overall location. Similarly, cost of 
electrical substations and electrical equipment, such as transformers, tend to be the 
same at different sites. However, the cost of extending power transmission lines to the 
factory site varies substantially from site to site and has to be estimated. 
Transport is very important when comparing the suitability of different sites. Since 
the volume of inputs and outputs will be known after the plant capacity is determined, 
transport alternatives and costs could then be calculated and compared for different 
sites. Preliminary estimates should be made for: terminals for oil, gas or other 
materials; railway sidings from the nearest railhead; feeder roads connecting with 
main highways; and water transport. 
For a determined plant capacity, it would be easy to define the water required for 
various purposes, such as cooling, steam generation and drinking. Where water is a 
requirement for the manufacturing process, as for pulp, such assessment is more 
important, and the source and cost of the water supply has to be estimated at 
alternative sites. Such costs can vary considerably and may be a significant element of 
site section, particularly if large quantities of water are required. 
e- Effect & Waste disposal 
The disposal of effluent may be a problem for many industries, as discussed earlier in 
this chapter. The possibilities for effluent disposal at different sites should be 
carefully studied bearing in mind the type of effluent. The site for a cement plant 
should not be selected to windward of a dense urban community and refinery effluent 
discharged upstream of a drinking water supply. 
f- Human resources 
Recruitment of managerial staff and labour may be a critical factor for the viability of 
a project. Skilled labour and management staff is often in scarce supply and 
recruitment of labour with less skill and experience than required might jeopardize the 
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whole project. The study must therefore pay careful attention to the question of labour 
availability, conditions related to recruitment and facilities for training. 
It may be necessary to develop a social infrastructure next to the envisaged site 
housing, primary schools, medical and social centers, to attract the required staff and 
labour force. Such social investment may be imperative for major projects, such as 
steel plants and heavy engineering industries, involving a large labour complement, 
but would prove an unduly heavy financial burden in most other cases, at least during 
the initial stages. 
g- Final site selection 
The selection of plant location and site does not have to be undertaken in two stages. 
Generally, alternative sites are considered in conjunction with wider locational 
considerations so that much of the information required is collected ‘simultaneously. 
It is useful if the location conclusions of the site study are tabulated so that the 
relevant information can be incorporated into the next: stage of project formulation. 
It is often necessary to limit the choice of plant site and location in line with the 
provisions made by the project sponsors, whether public, institutional or private, 
which reduces the task of the feasibility study. If, however, the study has to indicate 
the various alternatives without any such guiding principles or constraints, the 
foregoing factors should be considered. 
h- Cost estimates 
Examples of costs are acquisition of land, taxes, legal expenses, rights of way, site 
preparation and development. Different cost items are to be identified, quantified (if 
relevant), estimated and divided into components of foreign and local currency origin. 
It should be carefully stated whether factory-external facilities, possibly judged as 
necessary (such as disposal and treatment of effluents, generation of electricity, water 
supply system, storage, housing and schools) are included in the cost estimates. This 
may comprise annual payments for rent, real estate tax, rights of way, annual charges 
for easements and other cost items. As in the case of investment costs, annual 
payments are to be specified, quantified (if relevant), estimated and divided into 
foreign and local currency origin. 
2.3.5 Engineering and technology 
The scope of an investment project is first of all defined by the project or corporate 
objectives and strategies determined by the potential investors, taking .into account 
the overall business environment, and secondly by the marketing concept as well as 
the available project inputs (resources). It is the task of engineering to design the 
functional and physical layout for the industrial plant necessary to produce the defined 
products (output), and to determine the corresponding investment expenditures as 
well as the Costs arising during the operationa1 phase. The scope of engineering also 
includes the plant site and all activities required to deliver both inputs and outputs and 
to provide the necessary ancillary infrastructure investments. This comprehensive 
approach should help to determine which technical solution would best serve the 
intentions of the investors or any third party participating in the project. 
An integral part of engineering at the feasibility stage is the selection of an 
appropriate technology, as well as planning of the acquisition and absorption of this 
technology and of the corresponding know-how. While the choice of technology 
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defines the production processes to be utilized, the effective management of 
technology transfer requires that the technology and know-how required on suitable 
terms and conditions, and that the necessary skills are available or developed. The 
required machinery and equipment must be determined in relation to the technology 
and processes to be utilized, the local conditions, the state of the art and human 
capabilities. Skill development needs to be planned through training programmes at 
various levels. 
2.3.5.1 Production programme and plant capacity 
The initial task and scope of engineering is to define the whole range of project 
activities and requirements, including production levels to be achieved under the 
technical, ecological, social and economic constraints. This necessitates identifying 
the principal products or product range, including by-products, determining the 
volume of production, and relating production capacity to the flow of materials and 
performance of services at the selected site. 
a- Determination of the production programme 
- Market requirements and marketing concept 
The range and volume of products to be produced depends primarily on the market 
requirements and the proposed marketing strategies. The initial engineering work 
consists of designing a preliminary production layout suitable for manufacturing the 
products defined in accordance with the marketing concept, and in the qualities and 
quantities required. This production programme and volume have to be designed 
under the constraints determined for the market conditions and the availability of 
resources, both at various levels of production, the latter determining the minimum 
sales price for products. 
- Input requirements 
Once a production programme defines the levels of outputs in terms of end-products, 
and possibly of intermediate products and the interrelation between various 
production lines and processes, the specific requirements of materials and labour 
should be quantified for each stage. For this purpose, a material-flow diagram should 
be prepared, showing the materials and utilities lances at various stages of production. 
The nature and general requirements materials and labour would have been identified 
prior to the determination I plant capacity, but at this stage the specific quantities 
needed for each stage of the production programme and the Costs that these entail 
should be determined. The input requirements and costs have to be assessed for: basic 
materials such as raw materials and semi-processed and bought-out items; major 
factory supplies (auxiliary materials and utilities); other factory supplies; and direct 
labour requirements. 
- Determination of plant capacity 
The term production capacity can be generally defined as the volume or number of 
units that can be produced during a given period. The following two capacity terms 
are used in this report: 
(a) Feasible normal capacity.  
This capacity is achievable under normal working conditions, taking into account not 
only the installed equipment and technical conditions of the plant, such as normal 
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stoppages, down time, holidays, maintenance, tool changes, desired shift patterns and 
indivisibilities of major machines to be combined, but also the management system 
applied. Thus, the feasible normal capacity is the number of units produced during 
one year under the above conditions. This capacity should correspond to the sales 
derived from the outline of the marketing concept;  
(b) Nominal maximum capacity.  
The nominal capacity is the technically) feasible capacity, which frequently 
corresponds to the installed capacity as guaranteed by the supplier of the plant. A 
higher capacity, nominal maximum capacity, may be achieved, but this would entail 
overtime, excessive consumption of factory supplies, utilities, spare parts and wear-
and-tear parts, as well as disproportionate production cost increases. 
 
Once the marketing concept and the corresponding sales volume are defined, other 
components have to be assessed to determine the feasible normal plant capacity. This 
capacity should in fact represent the optimum level of production as may be 
determined by the relative interaction of various components of the feasibility study, 
such as technology, availability) of resources, investment and production costs. 
Though one of these components will be critical for determining the feasible normal 
plant capacity in respect of a particular project, all the implications of all these aspects 
should be taken into consideration. The following two factors dominate the capacity 
determination: the minimum economic size; and the availability of production 
technology and equipment as related to various production levels. 
- Technology choice 
The selection of appropriate technology and know-how is a critical element in any 
feasibility study. Such selection should be based on a detailed consideration and 
evaluation of technological alternatives and the selection of the most suitable 
alternative in relation to the project or investment strategy chosen and to socio-
economic and ecological conditions. Appropriate technology choice is directly related 
to the conditions of application in particular situations. What may be appropriate in 
industrialized economies with high labour costs may not necessarily be the optimum 
for low-wage developing countries, with severe constraints on infrastructure and 
availability of inputs. On the other hand, a plant in a developing country that produces 
primarily for export to industrialized countries may need to utilize the latest 
automated and capital-intensive production processes in order to compete in such 
markets. Competitive production capability in the intended markets is one of the most 
crucial factors for technology choice, and the related plant capacity can be a major 
determinant of such capability. 
Technology choice must be directly related to market, resource and environmental 
conditions and the corporate strategies recommended for a particular project. The 
industry, the form of foreign participation, national objectives and policies, industrial 
growth strategy, availability of local resources and skills, and several other factors can 
impinge directly on technology choice, plant capacity and production costs. It is also 
necessary to take into account new technological developments and applications and 
their impact on plant capacity. These may either have general application, as in the 
case of numerically controlled equipment, or may relate to specific stages of 
production, with considerable impact on plant capacities in several fields. There may, 
however, be skill and other constraints on their usage in certain situations, and these 
are also to be taken into account. 
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- Technology description and project layout 
The preparation of a plant layout and design is essential for every project. This needs 
to: be undertaken in two stages of project planning. The first and initial stage should 
be the preparation of a preliminary project plan and layout, on the basis of the 
production activities and the technological alternatives envisaged. The second stage of 
project layout and design can only be drawn up when the details relating to 
technology, plant capacity and machinery specifications are finalized. 
 
- Technology market and alternatives 
At the stage of a feasibility study, the nature of the technology market and the 
available technological alternatives has to be taken into account. The study should 
also discuss the contractual terms and conditions which may be of special significance 
in relation to the acquisition of a particular technology. The terms and conditions may 
vary considerably for process industries, engineering-goods production I and the 
manufacture of durable consumer goods, machinery and equipment 
Requirements for the development of skills and of research and design capabilities in 
the particular field need to be defined. 
- Technology evaluation and selection 
Alternative techniques should be evaluated in the feasibility study to determine the 
most suitable technology for the plant. This evaluation should be related to plant 
capacity, and should commence with a quantitative assessment of output, production 
build-up and gestation period and a qualitative assessment of product quality and 
marketability. The influence of the alternatives on capital investment and production 
costs should then be assessed for the planning period. Apart, however, from the basic 
criteria mentioned above, the technology must have been fully proven and be utilized 
in the manufacturing process, preferably in the company from which it came. While 
new and unproven or experimental techniques should not be considered appropriate in 
general, obsolescent technology should be avoided, which means that technological 
trends and the possibility of using more developed techniques should be studied. 
The selection of technology has to be related to the principal inputs that may be 
available for a project and to an appropriate combination of factor resources for both 
the short and the long term. In certain cases, the raw materials could determine the 
technology to be used.  
Alternative technologies should also be evaluated with regard to their environmental 
impacts. Depending on the type of industry and local environment, critical elements 
such as economic use of raw materials, low-emission technologies (state of the art) 
and low-waste-production processes must be considered for the selection of suitable 
technologies. The evaluation should not be based on the optimization of only one 
variable target, but should aim at an optimal combination of human, techno-economic 
and strategic requirements. 
- Technology acquisition and transfer 
Together with the selection of technology, alternative sources of supply of such 
technologies should be located. The sources of unpatented technological know-how 
can vary with the nature and complexity of the production process and range from 
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individual experts to entire enterprises, domestic or foreign, already engaged in the 
manufacture of the product in question. Consultancy organizations are usually a 
valuable source, particularly for specialized products and techniques.  
- Industrial property rights 
Where a desired technology is patented or covered by registered trade marks, it is 
necessary to secure industrial rights from their holders. The coverage and life of 
particular patents for a required technology should be investigated. For a large 
number of products, the use of a particular trade mark or trade name may be of special 
significance for product marketing, and this should be assessed. In the production, for 
example, of electric motors or steam turbines, the use of an international brand name 
could be of considerable significance in product marketing both domestically and for 
exports. The use of brand names may also affect the marketing of a wide range of 
consumer products ranging from perishable items to consumer durables, and this 
should be assessed for each such product. 
- Means of technology’ acquisition 
When technology has to be obtained from some other enterprise, the means of 
acquisition have to be determined. These can take the form of technology licensing, 
outright purchase of technology or a joint venture involving participation in 
ownership by the technology supplier. The implications of these methods of 
acquisition should be analyzed 
2.3.5.2 Selection of machinery and equipment 
The selection of equipment and technology are interdependent. In certain projects 
such as a cement plant, production and operational technology is part and parcel of 
the supply of equipment and no separate arrangements for technology acquisition are 
necessary. However, in cases when technology has to be dependently acquired, the 
selection of equipment should follow the determination of technology as the two are 
closely linked. The requirements of machinery and equipment should be identified in 
the feasibility study on the basis of plant capacity and the selected production 
technology. 
Equipment selection at the feasibility study stage should broadly define the optimum 
group of machinery and equipment necessary for a specific production capacity by 
using a specific production technique. This selection differs in emphasis with the type 
of project.  
2.3.5.3 Civil engineering works 
The feasibility study should provide plans and estimates for the civil works related to 
the project. This should cover site preparation and development, factory and other 
buildings, civil engineering works relating to utilities, transport, emissions and 
effluent discharge, internal roads, fencing and security, and other facilities and 
requirements of the plant. 
Civil engineering works are fairly project-specific and have to be related to a 
particular plant site and the facilities that may be required. While plans and estimates 
for the principal buildings required for a specific type of plant follow a fairly uniform 
pattern, there may be major variations in estimates because of site conditions and for 
other civil engineering works because of local conditions. 
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Plans and estimates 
The plans and estimates for civil engineering works should be detailed for cost 
estimates and implementation scheduling. The nature of each construction should be 
defined, including modular Construction where appropriate, the quality of 
construction materials and the quantities and Cost of materials required. Detailed civil 
engineering drawings are usually not required before the start of project 
implementation. 
The estimates for buildings and other constructions should be based on unit costs such 
as building costs per square meter in the plant surroundings. While the final costs will 
depend on the bids and quotations that are received, the plans and estimates at the 
project engineering stage should be complete for all the necessary constructions and 
accurate to the extent required for projecting the overall project investment costs. 
2.3.5.4 Maintenance and replacement requirements 
An important aspect of project engineering is the determination of critical 
maintenance and replacement requirements for the project. Satisfactory maintenance 
of plant, buildings and various facilities is essential for efficient plant operations. 
Similarly, replacement requirements for various parts, components and materials at 
different stages of construction and production need to be identified and planned for 
both these aspects should be covered in the feasibility study. 
Maintenance requirements should be assessed in terms of both the maintenance 
equipment that may be necessary for efficient maintenance of the plant and facilities, 
and the maintenance skills and capability that need to be developed. Maintenance 
equipment can range from relatively simple equipment and materials necessary for 
cleaning and maintaining plant equipment, buildings and facilities in good condition, 
to fairly complex maintenance equipment required in certain process industries. The 
development of maintenance skills and capability is of particular importance, 
especially in developing countries where efficient maintenance may be both more 
difficult and more important because of difficulties in obtaining replacements. Such 
skills should be developed, through training programmes at the project 
implementation stage, for general-purpose maintenance and with respect to 
maintenance of specific, complex equipment and facilities. 
Replacement requirements need to be determined for wear-and-tear parts, tools, jigs 
and fixtures in engineering-goods industries, and for spare parts, components and 
materials for plant, buildings and other facilities in all projects. An efficient balance 
has to be maintained between replacement requirements and stocks of parts, 
components and materials. Such a balance constitutes a critical feature of financial 
planning of inventories during the project implementation stage. 
Estimates of overall investment costs 
Capital cost estimates 
Once the production programme and plant capacity are defined, a preliminary order-
of-magnitude estimate can be drawn up regarding the broad investment requirements 
of the project, particularly if a plant capacity is set at a fairly standardized level, and 
prices are available for plant and equipment at such capacities. In the case of 
preliminary cost estimates for opportunity or pre-feasibility studies, this can also be 
done through the use of certain broad ratios. For example, it is often estimated that the 
  Page 49
machinery and equipment for a project would constitute about 50 per cent of total 
investment costs, with the main plant costing about 30 per cent. Buildings and civil 
works are generally assumed to cost from 10 per cent to 15 per cent of total 
investment. Similarly, though much smaller, percentages can be set for utilities, 
instrumentation, piping and other ancillary facilities and requirements. Such 
percentages, however, vary considerably from industry to industry and country to 
country and should be utilized with a great deal of caution. At the same time, these 
figures maybe useful at the project appraisal stage when analyzing the structure of 
Investment costs. If, for example, the civil engineering cost estimates are relatively 
low in relation to plant machinery and equipment as compared with similar projects, 
then the plant machinery costs could be overestimated or the cost projections for civil 
engineering may not cover all civil engineering works probably required for project 
implementation. 
2.3.6 Organization and overhead costs 
A division of the company into organizational units in line with the marketing, 
supply, production and administrative functions is necessary not only from the 
operational point of view, but also during the planning phase, to allow the assessment 
and projection of overhead costs. Furthermore, it is essential for the feasibility of a 
project that a proper organizational structure should be determined in accordance with 
the corporate strategies and policies. 
The recommended organization will depend on the social environment as well as on 
techno-economic necessities. The organizational set-up depends to a large extent on 
the size and type of the industrial enterprise and the strategies, policies and values of 
those in a position of power in the organization. It should also be borne in mind that 
organizations are not static but develop with the project (pre-investment and 
investment phases, start-up and operation). 
2.3.6.1 Plant organization and management 
Organization is the means by which the operational functions and activities of the 
enterprise are structured and assigned to organizational units, represented by 
managerial staff, supervisors and workforce, with the objective of coordinating and 
controlling the performance of the enterprise and the achievement of its business 
targets. 
The organizational structure of an enterprise indicates the delegation of 
responsibilities to the various functional units of the company, and is normally shown 
in a diagram, often referred to as an organigram. Usually, the organization is designed 
primarily in line with the different functions in the enterprise, such as finance, 
marketing, purchasing and manufacturing. However, there is no unique organization 
pattern. It is also possible to base organizational structures on products or production 
lines (for instance, profit or cost centers), or on geographical areas or markets; the 
latter are typical for marketing organizations. 
The problem of structuring and organizing the work and the delegation of executive 
responsibilities must not be seen only from the functional point of view, because 
various socio-cultural factors may militate against the mere copying of such 
organizations in other countries. This aspect is also very important in developing 
countries, when special organizational structures are required for the optimal use of 
imported technologies. 
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a- Organizational design 
A rough outline of organizational structures and of related costs may be included in a 
pre-feasibility study (rarely in an opportunity study), especially when organizational 
aspects could have a significant impact on the feasibility of a project. The 
organizational design for both the construction and the operating phase depends on 
internal and external project requirements and conditions, and is prepared for the 
following two reasons: 
• First, the organization of the project and enterprise should aim at the optimal 
coordination and control of all project inputs, which make it possible to 
implement the project strategies economically; 
• Secondly, the organizational set-up serves to structure the investment and 
production Costs and to determine the costs linked with the corresponding 
organizational units. For accounting purposes these costs are treated as 
overhead costs, unless they can be directly related to a specific product or cost 
centre. 
The design of the organization usually includes the following steps: 
• The goals and objectives for the business are stated. 
• The functions that are necessary to achieve the goals are identified; 
• The necessary functions are grouped or related; 
• The organizational framework or structure is designed; 
• All key jobs are analyzed, designed and described; 
• A recruiting and training programme is prepared. 
The organizational planner will then have to consider some of the fundamental 
aspects of optimal organization. These may include: 
• The span of control, that is, the numbers of employees reporting to a 
supervisor 
• The number of organizational levels 
• A subdivision of activities by function, process, equipment, location, product 
or classes of customers 
• The distribution of responsibilities and authority 
Later, once the project is approved, all information applicable to the organization will 
be collected in an organization manual, which may include: 
• An overall description and identification of the strategic objectives and 
policies of the company 
• A description of the various functional units, sections or divisions of the 
company, specifying the main tasks to be performed by the individual units 
• Job descriptions for at least all key personnel 
• Administrative procedures according to which transactions are to be carried 
out, both internally and externally, and covering all functions and all levels of 
the company 
Other descriptive material may be included according to the local conditions and the 
way in which the company operates. 
b- General management 
Depending on the type and size of an enterprise, the general manager with his office is 
responsible for the entrepreneurial functions. These are management functions that 
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are fundamental for the existence of an enterprise and may not be delegated. Often, 
especially in the case of medium-sized industrial plants, the general manager is also in 
charge of general administrative functions, such as personnel and finance. In cases 
where technical and technological aspects are essential for the enterprise, the 
production manager could be in charge of the enterprise. 
The feasibility study should determine the staffing requirements for the office of the 
general manager in order to allow estimates of personnel and other overhead costs 
related to this2 office. Cultural and social aspects should be considered, and the study 
team should not try to blindly copy organizational patterns that have proven 
successful in other countries. 
c- Overhead costs 
In most feasibility studies little attention is paid to the planning of overhead costs. 
Overhead costs are frequently computed as a percentage surcharge on total material 
and labour inputs or other reference items, a procedure that, in most cases, is not 
sufficiently accurate. Admittedly, the amount of time and effort required to calculate 
overhead costs should be positively related to the results to be obtained. Overhead 
costs should be grouped as outlined below. 
d- Factory overheads 
Factory overheads are costs that accrue in conjunction with the transformation, 
fabrication or extraction of raw materials. Typical cost items are listed below. 
• Wages and salaries (including benefits and social security contributions) of 
manpower and employees not directly involved in production 
• Factory supplies, e.g. Utilities (water, power, gas, steam), Effluent disposal 
Office supplies. 
•  Maintenance                                                                     
These cost items should be estimated by the service cost centers where they accrue. 
e- Administrative overheads 
Administrative overheads should only be calculated separately in cases where they are 
of considerable importance; otherwise they could be included under factory 
overheads. Typical cost items are listed below. 
• Wages and salaries (including benefits) and social security contributions 
• Office supplies Utilities Communications 
• Engineering Rents Insurances (property) 
• Taxes (property)  
These cost elements should be estimated for administrative cost centers such as 
management, bookkeeping and accounting, legal services and patents, traffic 
management and public relations. 
f- Marketing overheads 
Direct selling and distribution costs, such as special packaging and forwarding costs, 
commissions and discounts, should be calculated separately for each product, indirect 
marketing costs that cannot be easily linked directly with a product are usually treated 
as marketing overhead costs. These costs are often included under administrative 
overheads. However, marketing costs should be shown in the feasibility study as a 
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separate cost group, if the total represents a significant share of the total costs of 
products sold. Typical cost items are listed below. 
• Wages and salaries (including benefits and social security contributions) 
• Office supplies, utilities, communication, indirect marketing costs, advertising, 
training etc. 
g- Depreciation costs 
Depreciation is an accounting method used to distribute the initial investment costs of 
fixed assets over the lifetime, usually the fiscal standard lifetime of the corresponding 
investment. Annual depreciation charges are frequently included under overhead 
costs. Since, however, these costs are treated differently for the discounted cash flow 
method, depreciation costs should be shown separately from overhead costs. In this 
way it is still possible to include them for the calculation of factory and unit costs, as 
well as for financial evaluation. 
Depreciation costs should be calculated on the basis of the original value of fixed 
investments, according to the methods applicable (straight line, declining balance or 
accelerated depreciation method etc.) and rates adopted by management and approved 
by the tax authorities. The same applies for non-tangible assets, such as capitalized 
pre-production expenditures. 
h- Financial costs 
Financial costs such as interest on term loans should be shown as a separate item, 
because they have to be excluded when computing the discounted cash flows of the 
project, but are to be included for financial planning. When forecasting overhead 
costs, attention should be given to the problem of inflation. In view of the numerous 
cost items in overhead costs, it will not be possible to estimate their growth 
individually, but only as a whole. A sound judgment has therefore to be made as to 
the magnitude of the overall inflation rate of overhead costs. 
2.3.7 Human resources 
Once the production programme, plant capacity, technological processes to be 
employed and plant organization have been determined, the human resource 
requirements at various levels and during different stages of the project must be 
defined, as well as their availability and costs. The successful implementation and 
operation of an industrial project needs different categories of human resources 
management, staff and workers with sufficient skills and experience. The feasibility 
study should identify and describe such requirements and assess the availability of 
human resources as well as training needs. The study should pay particular attention 
to the definition and assessment of those skills and experiences which may be critical 
for the success of the project. 
On the basis of the qualitative and quantative human resource requirements of the 
project, the availability of personnel and training needs, the Cost estimates for wages, 
salaries, other personnel-related expenses and training are prepared for the financial 
analysis of the project. In case an economic evaluation is intended, the costs of 
unskilled labour should be shown separately. 
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2.3.7.1 Categories and functions 
Human resources as required for the implementation and operation of industrial 
projects need to be defined by categories, such as management and supervision 
personnel and skilled and unskilled workers, and by functions, such as general 
management, production management and supervision, administration (accounting, 
purchasing etc.), production control, machine operation and transport. The numbers, 
skills and experience required depend on the type of industry, the technology used, 
plant size, the cultural and socio-economic environment of the project location, as 
well as the proposed organization of the enterprise. 
The definition of personnel requirements by categories and functions is necessary for 
the preparation of a detailed manning table, including the calculation of the total costs 
of management, staff and labour, and for a comparison of the needed personnel with 
the resources available in the project region. This comparison will facilitate the 
assessment of training needs. For the determination of training requirements and 
overhead costs it is necessary to describe also the required functions and professions 
or skills, such as those of electricians, drivers, machine operators and accountants. 
2.3.7.2 Managerial and supervisory staff 
The provision of qualified and experienced managers is a basic prerequisite for 
successful project implementation and operation. It is therefore essential that the 
requirements of such personnel should be defined in the feasibility study so that they 
can be recruited in time by the project authorities. In many projects, key senior 
personnel need to be associated with the project during the pre-production stage and 
even during the prior stage of project formulation and the feasibility study. The timely 
provision of qualified staff to manage all the functions of the plant is most important. 
The feasibility study should define the requirements only on a shift-by-shift basis or at 
the department level, and state the qualifications and experience necessary. Given the 
typical lack of such experienced personnel, the timing of recruitment, possible sources 
of availability and the nature of necessary training programmes should be indicated. 
a- Skilled and unskilled workers 
The timely provision of skilled and unskilled workers is of equal importance to the 
availability of managerial and supervisory staff. Experience shows that the level of 
skilled labour available in developing Countries will in many cases not be in line with 
the exigencies of the production process and of the machinery and equipment to be 
installed in the plant under study. The specification of requirements for professionals 
and skilled and unskilled workers, as well as estimates of the necessary number of 
workers, are therefore a precondition for the preparation of the manning table, 
recruitment planning and the design of a training plan. 
A definition of the kinds of professional staff, skilled labour and unskilled workers 
needed should be provided in order to specify the minimum training and professional 
experience required in order to qualify for the different posts identified. This is even 
more necessary because of the substantial differences in the available public training 
programmes for skilled workers in developing countries. 
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b- Socio-economic and cultural environment 
Human resource requirements not only depend on techno-economic and financial or 
commercial factors, but also are determined to a certain extent by social and socio-
economic conditions in the country and location of the project. 
d- Labour conditions, standards and health care 
e- Legislation and labour terms 
Labour terms can be regulated by legislation or trade union contracts or be based on 
common practice. Employment of women may be subject to specific conditions, 
traditions and policies. The prevailing rules regarding national holidays, shift work, 
working hours and annual, sick and training leave will have an impact on the effective 
number of working hours and days per year, and therefore affect the human resource 
requirements, given the production targets and other conditions. 
f- Labour norms 
A common error in the definition of human resource requirements is the adoption of 
labour norms prevailing in industrialized countries. This might result in over-
optimistic estimates of effective machine-hours and productivity, and hence of the 
resulting production and the financial outcome. Realistic estimates should instead be 
made, on the basis of experience of and comparisons with similar industrial projects 
in the project country and region. Differences in skills, experience, productivity and 
other respects, as compared with industrialized countries, should be accounted for. 
This is particularly important in the initial stages of production operations. 
g- Occupational safety 
In many developing countries minimum standards of occupational safety have not 
been established or are not enforced strictly enough. This situation has lead to a 
shifting of hazardous industries from developed to developing countries, a 
redeployment of industries that has in some cases dramatically affected the 
occupational safety of the workers, not to mention the often severe environmental 
impacts. A feasibility study must therefore also assess the relevant existing 
regulations on occupational safety, including future trends, and analyze their impact 
on investment and production costs. 
h- Health care and social security 
The project analyst should also identify and consider necessary plant components 
regarding arrangements for health care and social security for the human resources to 
be employed. The cost of such components will have to be estimated and included in 
the cost tables of the study. ILO has published a number of documents on the subjects 
of occupational safety health and working conditions in developing countries and in 
different employment situations. 
2.3.7.3 Project-related requirements 
a- Identification of requirements 
Staff and labour requirements have to be planned for the implementation or pre-
production phase as well as for the start-up and operating phases. Particular attention 
should be paid to those enterprise functions which are essential for the feasibility of 
the investment, and for which special professional skills and experience of employees 
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and workers are required, as in the areas of enterprise management (entrepreneurial 
and management functions), marketing, raw materials and factory supplies, 
production processes and product characteristics, organization and personnel and 
construction management. Environmental and other locational aspects, including 
infrastructural services, may also require special personal skills. An export-oriented 
project may for instance call for particular attention to staffing in critical functions, 
such as quality control, marketing and transport of finished goods. A remote plant 
location with no existing infrastructure but with a sophisticated technology and 
equipment might put the personnel department (recruitment, training, social 
infrastructure etc.) in focus. A complicated production process and a high value added 
might require special skills and experience in maintenance and quality control. 
The identification of these significant requirements already at the stage of the 
feasibility study is both difficult and important. Some common examples of mistake 
and their consequences are: 
• Failure to provide the project implementation team with experienced and 
committed personnel often leads to delays and additional costs; 
• Bad timing of recruitment may lead to delays and poor utilization of 
production capacity during the first operating years. Over-optimistic estimates 
regarding duration and quality of training as well as bad timing often have 
similar consequences; 
• Inadequate maintenance and supply of raw materials and utilities may lead to 
unplanned and costly production stops that could have been avoided with 
more experienced and skilled personnel; 
• Bad timing of marketing and sales, inexperienced salespersons and sales 
managers, lack of legal advice before signing of contracts etc. may result in 
sales volumes and revenues not keeping pace with production; 
• Unskilled drivers may cause transport delays, damage, losses and deterioration 
in quality of the products being transported. 
b- Availability and recruitment 
The feasibility study should analyze and assess the general availability of human 
resources required and describe briefly the background situation, focusing on 
employment, progress of economic development and of industrialization, urbanization 
etc. Particular attention should be paid to the availability (supply and demand) of 
management staff, supervisors and relevant categories of skilled labour. The existence 
of educational and training institutions and plans for the establishment of new 
institutions may increase the availability of staff and labour for the project, whereas 
competing investment plans would increase the demand for human resources. 
c- Training plan 
Since the lack of experienced and skilled personnel can constitute a significant 
bottleneck for project implementation and operation in developing countries, 
extensive training programmes should be designed and carried out as part of the 
implementation process of investment projects. Such training may be organized 
already during the pre-production stage at the plant site, at the plant of joint-venture 
partners or suppliers of technologies and equipment, in similar factories in the country 
or abroad, or at specialized training institutes. Training can be provided at the factory 
for managerial and technical personnel and others, by specially recruited experts or by 
expatriate personnel. This can constitute an important element of technical assistance 
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in cases of technology licensing and joint ventures. Training programmes may need 
considerable funds. In terms of growth of efficiency and productivity, this may well 
prove to be the most necessary and appropriate investment. The requirements of 
training for various levels of plant personnel, the duration of such training for each 
category, and the location of and arrangements for training should be defined. 
The timing of training programmes is of crucial importance, since persons should be 
sufficiently trained to be able to take up their positions as and when required.  
If sufficient financial provisions are not made in advance, such unexpected project 
costs can easily put the project in a critical financial situation. 
• A training programme can be prepared through the following steps: 
• Analysis of personnel characteristics and conditions. Verifiable capabilities, 
numbers, experience and other characteristics are to be analysed. Restrictions 
relating to unions and labour laws may be relevant. Socio-cultural 
characteristics (such as religion, tribal traditions, attitudes regarding women 
and men working together, traditions regarding job stability and working 
hours) should be considered; 
• Analysis of training requirements. A job (task) analysis will provide 
information about the different tasks to be carried out. This is related to 
judgments regarding performance characteristics of different personnel 
categories. This knowledge will, together with estimates regarding learning 
curves, form a basis for defining the scope of the training required; 
• Formal training is usually related to management and supervisory personnel. It 
can be carried out in the country or abroad, depending on training facilities, 
industrial traditions, trainers available and other factors; 
• On-the-job training can be carried out in the form of individual or group 
training. It is usually carried out at the plant in question, but can take place 
partly in other industries. This kind of training should not be exclusively 
technical, but should also cover administrative and other duties; 
• Updating during future plant operations may be required for management and 
administrative staff as well as labour. The introduction of new plant equipment 
and methods of work will require motivated staff to maintain high standards of 
proficiency and productivity. 
d- Cost estimates 
The manning tables prepared for each department can be used for estimating labours 
costs. A distinction should be made between variable and fixed costs. There is a 
tendency to consider non-production labour costs as fixed and production labour costs 
as variable. This is generally too great a simplification, as most labour costs are semi-
fixed or fixed in the short term.  
The feasibility study should present the estimated labour costs for each department 
and function. Underlying assumptions (such as average wages and salaries for 
different categories) are to be presented. The costs are to be divided into foreign and 
local currency components. When estimating the total wage and salary costs, 
provision should be made for the following personnel overhead costs: 
• Social security, fringe benefits and welfare costs 
• Installation grants, subsistence payments and similar cash costs that occur in 
connection with recruitment and employment 
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• Annual deposits to pension funds 
• Direct and indirect costs of training 
• Payroll taxes 
2.3.7.4 Human resource planning 
a- Labours: 
- Data and alternatives 
Describe data required for the determination of labour inputs 
Prepare alternative manning tables, taking into account the following: 
• Organizational layout 
• Strategies and objectives of management for operating the factory 
• Skill requirements and level of training of labour 
• Availability of labour, local and foreign Selection of labour 
• Select and describe in detail the manning table for labour 
• State reasons for selection  
• describe in detail the selected alternative 
• Show the structure (organization) 
• Prepare detailed manning table considering the subdivision into production 
labour and non-production labour (administration etc.) 
- Cost estimate 
Estimate annual labour cost at nominal feasible capacity, subdivided into: 
• Cost of production labour (variable) 
• Cost of non-production labour (fixed) 
b- Staff 
- Data and alternatives 
Describe data required for the determination of staff inputs 
Prepare alternative manning tables, taking into account the following 
• Organizational layout 
• Strategies and objectives of management for administering and operating the 
factory, marketing the products etc. 
• Skill requirements and level of staff training 
• Availability of staff, local and foreign 
- Selection of staff 
 
• Select and describe in detail the manning table for staff 
• State reasons for selection 
• Describe in detail the selected alternative 
• Show structure (organization) 
• Prepare detailed manning table Cost estimate 
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2.3.8 Implementation planning and budgeting 
The project implementation phase embraces the period from the decision to invest to 
the start of commercial production. It is very important carefully to plan and analyze 
this critical phase of the project cycle, because deviations from the original plans and 
budgets could easily jeopardize the entire project. A primary objective is therefore to 
determine the technical and financial implications of the various stages of project 
implementation, with a view to securing sufficient finance to float the project until 
and beyond the start of production. The choice of financing as well as the financial 
implications of investment and production delays should receive particular attention. 
A series of simultaneous and interrelated activities taking place during the 
implementation phase have to be identified, including the financial implications they 
might have for the project. When preparing the implementation plan for the feasibility 
study it should also be borne in minds that, at a later stage, this plan will be the basis 
for monitoring and controlling the actual project implementation. The implementation 
schedule must present the costs of project implementation as well as the schedule for 
the complete cash outflows (for all initial investments), in order to allow the 
determination of the corresponding inflows of funds, as required for financing the 
investments. 
2.3.8.1 Objectives of implementation planning 
To implement a project means to execute all the on- and off-site work tasks necessary 
to bring a project from the feasibility study stage to its operational stage. While the 
preparation of the preliminary implementation plan is a part of the feasibility study, 
the execution of the implementation plan is usually entrusted to a project 
implementation team. 
A realistic schedule should be drawn up for the various stages of the project 
implementation phase. This is an essential part of the feasibility study, as the 
implementation of every project must be related to a time schedule. Such a schedule 
must initially define the various implementation stages in terms of the resources and 
duration of activities required for each stage. Life implementation plan should then 
establish a time schedule that combines the various stages into a consistent pattern of 
activities that dovetail into each other. This comprehensive schedule should cover the 
entire investment phase, including the period between the investment decision and the 
initial production stage, of which the actual construction period is only one, although 
the most important, part. Project implementation planning is considered here mainly 
in order to draw the attention of the project planner to the financial implications of 
project scheduling and to the possibilities of the early detection of implementation 
delays and their financial consequences. 
Implementation planning and budgeting includes the following major tasks: 
• Determination of the type of work tasks, on- and off-site, that are necessary to 
implement the project 
• Determination of the logical sequence of events in the work tasks 
• Preparation of a time-phased implementation schedule, positioning all the 
work tasks correctly in time and allowing for adequate time to complete each 
individual task 
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• Determination of the resources needed to complete the individual tasks and the 
extraction of the corresponding costs 
• Preparation of an implementation budget and cash flow that will ensure the 
availability of adequate funds throughout the implementation phase 
• Documentation of all implementation data allowing the implementation plan 
and budget, as well as the forecasts made in the feasibility study, to be 
updated. 
2.3.8.2 Stage of project implementation 
The main stages of project implementation planning, which are dealt with in further 
detail for the case of a new industrial investment project, do not always lend 
themselves to a stage-by-stage analysis with one stage invariably leading to the other. 
A great deal of overlapping and simultaneous planning of various activities is 
inevitable. Training activities, for example, may start very early when key personnel 
from the company participate in out-of-the country training for a long period, while 
the training of maintenance technicians and operators is undertaken later during 
Construction and start-up. It is particularly important to link socio-economic 
conditions of a country, or indeed a region of a country, to many activities of the 
implementation period in order to evaluate their consequences for the scheduling of 
the individual activities. An effective port organization may be important to a specific 
project, but if the highway that connects the port with the company premises is badly 
maintained because the staff of the responsible authority is inexperienced and 
underpaid, the project could be critically affected. 
2.3.8.3 Implementation scheduling 
Effective and balanced timing of the delivery of various input requirements must be 
established. This can only be done by accurate project scheduling. The periods 
required for various implementation activities can be defined for such activities on the 
basis of a project schedule that has to be well-knit, coordinated and developed through 
a systematic analysis and simulation of the entire process. 
Various methods of analysis and scheduling are available. The most simple apd 
popular method involves the bar or Gantt chart, which divides project implementation 
into various time-phased activities and shows the duration of each activity. The 
implementation schedules are normally prepared in three steps as described below. 
In step one the planner determines the logical sequence of events in implementation 
without paying too much attention to the exact duration of each task. The positioning 
of some of the tasks is self-explanatory. Detailed engineering must necessarily 
precede construction and installation; company formation must have been completed 
before the assignment of staff is considered. Other tasks may need more analysis 
before they can be positioned correctly. 
In the second step the planner will analyze how specific tasks are to be undertaken. 
This analysis will normally reveal that some tasks can be further subdivided into 
subtasks. Detailed engineering, for example, is the result of the coordinated effort of 
several groups of architects and engineers. Again the subtasks must be properly timed 
to show the interdependence between various tasks. The analyst will then proceed to 
an analysis of the work content of each subtask, which will make it possible to 
determine how much time it takes to complete the individual subtasks. 
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The analyst can then establish the implementation schedule showing the proposed 
start and duration of project implementation and the correct positioning and duration 
of all activities and tasks. The description of each task should include: 
• The work to be done 
• The resources needed 
• The time it takes to complete the task 
• The responsibility for the task 
• Information inputs required for the task 
• Results to be produced 
• Interrelationship with other activities 
 
Suppliers of plant equipment will be able to provide information concerning 
installation and commissioning. Shipping or forwarding companies can provide 
valuable information on transport times, the handling of documents and customs 
clearance procedures. 
2.3.8.4 Network planning and use of computers 
In some projects there is a need to define the interdependent relationship between the 
tasks and subtasks involved. In such cases it may be useful to apply a network 
planning method such as the critical path network (CPN) procedure. Any project that 
has a large number of tasks will greatly benefit from the application of computers. A 
number of planning programmes are commercially available. The costs of preparing 
and constantly updating a CPN plan for a project may be substantial. If such costs are 
significant for the project, the feasibility study should include them as part of the 
project monitoring and control costs. 
- Alternative planning techniques 
The bar-chart planning method can be applied to every project, usually without 
difficulty. This method sometimes gives the best overview of the main sequence of 
events, even if a more sophisticated scheduling method must be applied at a later 
stage. The bar chart is usually a sufficient planning tool for implementation planning 
in the pre-investment phase, particularly in a feasibility study. 
2.3.8.5 Projecting the implementation budget 
The objective of implementation budgeting is to determine the cost of resources 
required to implement an investment project, once the project has been approved and 
the investment decision is made. The feasibility study should determine the cost of 
resources in accordance with the timing of the various stages of project 
implementation described above. The estimated implementation costs are capitalized 
pre-production costs forming part of the total initial investment costs. 
2.3.9 Financial analysis and investment appraisal 
Given the conditions for investment appraisal, project preparation should be geared 
towards the requirements of financial and economic analysis. Basically, financial 
analysis should accompany the design of the project from the very beginning, which 
is only possible when the financial analyst is integrated into the feasibility studies 
team at an early stage. From a financial and economic point of view, investment can 
be defined as a long-term commitment of economic resources made with the objective 
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of producing and obtaining net gains (exceeding the total initial investment) in the 
future. The main aspect of this commitment is the transformation of financial 
resources (that is, the investor’s own and borrowed funds) into productive assets, 
represented by fixed investment and net working capital. While the interest in future 
net gains is common for each party investing in a project, the expected gains or 
benefits may differ considerably between them, and may also be valued differently. 
2.3.9.1 Scope and objectives of financial analysis 
A feasibility study, as mentioned earlier, is a tool for providing potential investors, 
promoters and financiers with the information required to decide whether to undertake 
an investment, and whether and how to finance such a project. The scope and 
objectives of financial analysis are determined to a great extent by the definition of 
what investment is. 
Investment may be defined as a long-term commitment of economic resources made 
with the objective of producing and obtaining net gains    in the future.  The main 
aspect of this commitment is the transformation of liquidity the investor’s own and 
borrowed funds into productive assets, represented by fixed investment and net 
working capital, as well as the generation of liquidity again during the use of these 
assets. 
Furthermore, financial analysis and evaluation should ensure that for the objectives 
determined by the decision makers and within the given confidence .levels of a 
feasibility study, the following conditions is fulfilled: 
• The most attractive of the possible project alternatives is determined under the 
prevailing conditions of uncertainty; 
• The critical variables and possible strategies for managing or controlling risks 
are identified; 
• The flow of financial resources required during the investment, start-up and 
operational phases is determined, and the financial resources available at the 
lowest cost are identified for the time required and used in the most effective 
way. 
These objectives are interrelated. Their conversion into project reality requires sound 
judgment, useful concepts, techniques for analyzing situations and principles for the 
guidance of action. Financial analysis uses a family of highly developed concepts and 
techniques for decision-making, planning and monitoring, which have to be mastered 
by drawing on related subjects and techniques such as financial and management 
accounting, economics, quantitative methods, law and taxation. As the financial 
analyst must work with all specialists engaged in the preparation of the feasibility 
study, he or she must have a broad appreciation of their functions and working 
methods.  
2.3.9.2 Principal aspects of financial analysis and concept of investment 
appraisal 
Financial analysis of industrial investment projects is not an isolated activity 
performed only towards the end of the project design in order to complete primarily 
technical study or project proposal and to show the financial implications of a project 
for promoters and potential investors. It should rather accompany the various 
alternatives and the design of the project strategies that basically determine the 
marketing strategies, project scope, resources, location, production capacities and 
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technology, thus providing a yardstick for the evaluation of the financial and 
economic success or failure of a project. This will make it possible to avoid being 
burdened, after detailed technical design work and data assessment, with a project 
proposal that is found to be financially unfeasible because investment, production and 
marketing costs are not sufficiently covered by projected incomes from operations in 
the business environment assessed during the feasibility study. If found unfeasible at 
this terminal stage of the study, it is usually too late, and definitely too costly, to start 
the whole work again for another project alternative. 
Another important aspect to be considered when undertaking financial analysis is that 
the decision makers usually give different weights to the various criteria used for 
investment appraisal. This would force the analysts to identify such criteria and select 
proper methods to produce the information required by investors. However, financial 
analyst should not limit itself to answering questions raised by investors, but should 
also indicate and highlight any other critical impacts that would have to be considered 
when appraising a project. The orientation of financial analysis towards the needs of 
decision makers and their investment and financing criteria, as well as the principal 
conceptual aspects, are discussed below. 
2.3.9.3 Basic criteria for investment decisions 
Although the return on capital invested is the main criterion for investment decisions, 
it is not the only one in the case of industrial investments, because if financial returns 
alone counted, financial resources could as well be invested in bonds, securities etc. 
However, for the purpose of industrial feasibility studies, investment is defined not 
only as a benefit-oriented long-term commitment of resources, but also as the 
transformation of liquidity into productive assets. Considering that the net benefits 
would be solely the result of the productive use of such assets, any decision on 
industrial investments should be based on the following criteria relating to the overall 
feasibility of investment projects: 
• Is there any possible conflict, at present and in the long run, between the basic 
project (corporate) objective and the development objectives valid for the 
socio-economic environment? 
• How suitable is the proposed strategy for the achievement of the project 
objective; have alternative strategies been taken into consideration; and why 
has the proposed strategy been selected? 
• How does the project design, that is, the scope of the project, the marketing 
concept, the production capacity and the technology and location selected, 
match with the project strategy and the availability of the required resources? 
• Will the project make efficient use of economic resources, and are there better 
alternative uses of the main inputs required for the project? 
• Are projections of total investment costs and production and marketing costs 
within the acceptable confidence level? 
• Are the total investment costs within the financial limits determined by the 
availability of capital? 
• Does the structure of cash outflows and inflows and of the corresponding net 
cash returns meet with the minimum requirements and expectations of the 
investors and financiers? 
• Will the supply of local money and foreign exchange be sufficient to meet 
outstanding financial obligations at any time during the life of the project? 
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• How sensitive are the accumulated discounted returns and the annual returns 
to the planning horizon, to errors in data assessment and project design, to 
inflation and relative price changes and to changes in the business 
environment (mainly those involving competitors, consumers, markets, 
supplies and public policies)? 
• Have critical variables been identified? What risks are associated with these 
variables, and what strategies exist to manage or control those risks? 
• What are the financial consequences of the risks; in other words, do they entail 
additions to investment costs, to the funds required, to production and 
marketing costs, and to finance costs, or lower than expected production, sales 
volumes and sales prices? 
• How likely is the projected scenario or business environment required as a 
minimum condition for the investment to be appraised by investors, by 
financing institutions etc. 
The methods applied for financial analysis and investment appraisal are described in 
detail in the following sections, starting with cost analysis, then dealing with 
discounting and conventional methods, project financing, ratio analysis and financial 
evaluation in conditions of uncertainty. 
a- Accounting systems 
Financial analysis relies on a systematic presentation and processing of relevant 
business data on assets and liabilities, costs and income, and the related flows of 
goods, services and financial resources. Accounting systems serving the various 
purposes of management have been developed, and basic accounting methods are as 
old as business itself. The quality of financial analysis and investment appraisal 
depends basically on the reliability of the information processed and on the 
methodology applied. Although accounting systems are not always identical in 
different countries, basic accounting principles are the same everywhere. 
Accounting systems always cover the financial status of the firm in terms of the 
wealth (assets) and obligations (liabilities) recorded in its balance sheet, the costs 
accounted for over the reporting period, and the corresponding income shown in the 
net income statement. In addition, a cost accounting system is needed in order to 
determine production and marketing costs, which is necessary not only for the 
preparation of the net income statement, but also for efficient financial planning, 
product pricing and cost control. 
For liquidity planning the cash flow statement is used, it should be pointed out that 
depreciation allowances are not classified among the cash outflows. The inclusion of 
depreciation charges (Costs) would result in the double-counting of fixed project 
Costs, since they are already accounted for as fixed capital investments. This is why 
depreciation charges are regarded as a cost item, but not as a cash item. The financial 
Costs (interest paid) are included among the cash outflows. However, for the 
computation of the discounted cash flow (IRR and NPV), the financial Costs must be 
excluded, because they constitute like the dividends paid on equity a yield generated 
by the investment and are reflected in the discount rate. 
b- Pricing of project inputs and outputs 
The inputs and outputs of a project appear in physical form, and prices’ are used to 
express them in value terms in order to obtain a common denominator. Ideally, for the 
purpose of the feasibility study prices should reflect the real economic values of 
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project inputs and outputs for the entire planning horizon of the decision makers. 
Prices may be defined in various ways, depending on whether they are: 
• Market (explicit) or shadow (imputed) prices 
• Absolute or relative prices 
• Current or constant prices 
 
Market or explicit prices are those present in the market, no matter whether they are 
determined by supply and demand or by the Government; in other words, they are the 
prices at which the firm will buy the inputs and sell the outputs. In financial analysis 
market prices are applied. Later, at the stage of economic cost-benefit analysis, the 
question will have to be raised as to whether market prices reflect the real economic 
value of project inputs and outputs. If this is not the case, that is, if market prices are 
distorted, then shadow or imputed prices will have to be introduced for economic 
analysis. 
The level of absolute prices may vary over the lifetime of the project because of 
inflation or productivity changes. This variation does not necessarily lead to a change 
in relative prices, in other words, relative prices may sometimes remain unchanged 
despite variations in absolute prices. Both absolute and relative prices are relevant for 
the financial analysis. 
Current and constant prices differ over time as a result of inflation, which is 
understood as a general rise of price levels in an economy. If inflation can have a 
significant impact on project input costs and output prices, such an impact must be 
dealt with in the financial analysis presented in the feasibility study. Whenever 
relative input and output prices remain stable, it is sufficiently accurate to compute the 
profitability or yield of an investment at constant prices.  
2.3.9.4 Planning horizon and project life 
Planning is understood as a consciously programmed activity having as its focus the 
objective consideration of the future. The anticipations and assumptions about the 
future need to be made explicit and should be analyzed in order to find the optimal 
development path. This is why the planning process integrates futuristic thinking with 
careful analysis. The project planning horizon of a decision maker may be defined as 
the period of time over which he decides to control and manage his project-related 
business activities, or for which he formulates his investment or business development 
plan. The planning horizon determined by decision makers must also consider the 
lifetime of a project. 
The economic life, that is, the period over which the project would generate net gains, 
depends basically on the technical or technological life cycle of the main plant items, 
on the life cycle of the product and of the industry involved, and on the flexibility of a 
firm in adapting its business activities to changes in the business environment. When 
determining the economic life span of the project various factors have to be assessed, 
some of which are as follows: 
• Duration of demand (position in the product life cycle) 
• Duration of the raw material deposits and supply 
• Rate of technical progress 
• Life cycle of the industry 
• Duration of building and equipment 
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• Opportunities for alternative investment 
• Administrative constraints (urban planning horizon) 
 
It is evident that the economic life of a project can never be longer than its technical 
life or its legal life; in other words, it must be less than or equal to the shorter of the 
latter. For project planning purposes only the economic life is relevant. 
Considering that the accumulated net cash flows of an investment project are a 
function of the time period covered in the feasibility study, the planning horizon may 
have a considerable impact on the results of the financial analysis. Since the values 
obtained for the discounted cash flows and the various profitability and efficiency 
ratios vary sometimes considerably with the length of the planning period, the 
determination of the planning horizon of a feasibility study is often a very critical 
task. The relationship between the planning horizon and project life should therefore 
be considered when appraising an investment project. 
a- Risk and uncertainty 
Investment projects are by definition related to the future, which a project analyst 
cannot forecast certainty. Thus financial analysis and evaluation have to be carried out 
in conditions of risk and uncertainty. The difference between risk and uncertainty is 
related to the decision maker’s knowledge of the probable occurrence of certain 
events. Risk is present when the probabilities associated with various outcomes may 
be estimated on the basis of historical data. Uncertainty exists when the probabilities 
of outcomes have to be assigned subjectively, since there are no historical data. The 
aspects and methods of financial analysis under uncertainty are discussed later in this 
chapter in the Section on break-even analysis, sensitivity analysis and probability 
analysis. 
b- Analysis of cost estimates 
Since reliable cost estimates are fundamental to the appraisal of an investment project, 
it is necessary to check carefully all cost items that could have a significant impact on 
financial feasibility.  
The estimates should be grouped into local and foreign components and may be 
expressed either in constant or current prices, depending on the price basis used in the 
feasibility study and for the financial analysis, allowances for price increases 
(contingencies) should be provided for. Since inconsistency in the use of accounting 
and financial terminology often causes problems for the analysis, it is recommended 
that the terms defined and explained below be strictly adhered to.  
2.3.9.5 Total investment costs 
Initial investment costs 
Initial investment costs are defined as the sum of fixed assets (fixed investment costs 
plus pre-production expenditures) and net working capital, with fixed assets 
constituting the resources required for constructing and equipping an investment 
project, and net working capital corresponding to the resources needed to operate the 
project totally or partially. At the pre-investment stage, two mistakes are frequently 
made. Most commonly, working capital is included either not at all or in insufficient 
amounts, thus causing serious liquidity problems for the nascent project. Furthermore, 
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total investment costs are sometimes confused with total assets, which correspond to 
fixed assets plus pre-production expenditures plus Current assets. The amount of total 
investment costs is, in fact, smaller than total assets, since it is composed of fixed 
assets and net working capital, the latter being the difference between current assets 
and current liabilities. 
a- Investment required during plant operation 
The economic lifetime is different for the various investments (buildings, plant, 
machinery and equipment, transport equipment etc.). In order to keep a plant in 
operation, each item must therefore be replaced at the appropriate time, and the 
replacement costs must be included in the feasibility study. Other types of investment 
occurring during the operational phase are investments for rationalization, 
modernization and plant expansion. In general these investments should be analyzed 
in separate studies, and only in exceptional cases should the costs be incorporated in 
the feasibility study of the initial investment project. 
b- Pre-production expenditures 
In every industrial project certain expenditures due, for example, to the acquisition or 
generation of assets are incurred prior to commercial production. These expenditures, 
which have to be capitalized, include a number of items originating during the various 
stages of project preparation and implementation.  
c- Preliminary capital-issue expenditures 
These are expenditures incurred during the registration and formation of the company, 
including legal fees for preparation of the memorandum and articles of association 
and similar documents, and for capital issues. The capital-issue expenditures include 
basically the preparation and issue of a prospectus, advertising, public 
announcements, underwriting commissions, brokerage, expenses for processing of 
share applications and allotment of shares. Preliminary expenditures also include legal 
fees for loan applications and land purchase agreements. 
d- Expenditures for preparatory studies  
There are three types of expenditures for preparatory studies: 
• Expenditures for pre-investment studies: opportunity, pre-feasibility, 
feasibility and support or functional studies (for example, project design 
reports) undertaken for the implementation of the project; 
• Consultant fees for preparing studies, engineering, and supervision of erection 
and construction, although consulting services may be debited to the relevant 
fixed investment costs, and are not included under pre-production 
expenditures in cases where they can be directly related to the creation of an 
asset; 
• Other expenses for planning the project. 
e- Other pre-production expenditures  
Included among other pre-production expenditures are the following: 
• Salaries, fringe benefit and social security contributions of personnel engaged 
during the pre-production period; 
• Travel expenses; 
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• Preparatory installations, such as workers’ camps, temporary offices and 
stores; 
• Pre-production marketing costs, promotional activities, creation of the sales 
network etc.; 
• Training costs, including fees, travel, living expenses, salaries and stipends of 
the trainees and fees payable to external institutions; 
• Know-how and patent fees; 
• Interest on loans accrued or payable during construction; 
• Insurance costs during construction. 
 
f- Trial runs, start-up and commissioning expenditures  
This item includes fees payable for supervision of start-up operations, wages, salaries, 
fringe benefits and social security contributions of personnel employed, consumption 
of production materials and auxiliary supplies, utilities and other incidental startup 
costs. Operating losses incurred during the running-in period up to the stage when 
satisfactory levels are achieved also have to be capitalized.  
In allocating pre-production expenditures, one of two practices is generally followed: 
• All pre-production expenditures may be capitalized and amortized over a 
period of time that is usually shorter than the period over which equipment is 
depreciated; 
• A part of the pre-production expenditures may be initially, allocated, where 
attributable, to the respective fixed assets and the sum of both amortized. Pre-
production expenditures that are not attributable are capitalized as a total and 
also amortized over a certain number of years.  
 
Plant and equipment replacement costs:  
Such costs include all pre-production expenditures as described above and related to 
investments needed for the replacement of fixed assets. Again, the estimates include 
the supply, transport, installation and commissioning of equipment, together with any 
costs associated with down time, production losses as well as allowances for physical 
contingencies. 
End-of-life costs.  
The costs associated with the decommissioning of fixed assets at the end of the 
project life, minus any revenues from the sale of the assets, are end-of-life costs. 
Major items are the costs of dismantling, disposal and land reclamation. It is often 
reasonable for a feasibility study to assume that these costs can be offset against the 
salvage value of the corresponding asset. 
Accounts payable (creditors) 
Accounts payable will depend on credit terms provided by suppliers. Hence raw 
materials, factory supplies and services are usually purchased on credit with a certain 
period elapsing before payment is effected. Accrued taxes are also paid after a certain 
period has elapsed (unless tax advances have to be paid), and may be another source 
of finance similar to accounts payable. The same holds true for wages payable. Such 
credited payments reduce the amount of net working capital required. 
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It is very important to understand that creditors related to investment are to be 
excluded from the computation of working capital requirements, because by 
definition investments are long-term commitments and must therefore be financed by 
long-term resources (equity or debt). 
Unit costs of production 
For the purpose of cash flow analysis it is sufficient to calculate the annual costs. At 
the feasibility stage, however, an attempt should also be made to calculate unit costs 
to facilitate the comparison with sales prices per unit. For single-product projects, unit 
costs are calculated simply by dividing production costs by the number of units 
produced (therefore unit costs usually vary with capacity utilization). In the case of a 
multi-product project it is recommended to apply direct costing and compute both the 
direct costs and the margin generated per unit produced and sold. The overall margins 
serve to cover the indirect costs or overheads, that is, those costs which have not been 
directly related to a certain product. A common accounting method for computing 
unit overhead costs is to allocate overhead costs to direct material and direct labour 
unit costs by means of different percentage surcharges.  
Direct and indirect costs 
From the viewpoint of product costing (calculation of unit cost prices), production 
costs and marketing costs should be divided into direct and indirect costs. Direct costs 
are easily attributable to a product unit or service in terms of cost of production 
materials and production labours. Since indirect costs (factory administrative 
overheads such as management and supervision, communications, depreciation and 
financial charges) cannot be easily allocated directly to a particular unit of output, 
they must first be apportioned to cost centers, and thereafter to the unit cost price by 
way of surcharges obtained from the cost accounting department. Direct costing is an 
accounting method that avoids the problem of determining surcharge rates. The direct 
variable and direct fixed costs are deducted from the revenues generated by a certain 
product (or product group), and the remaining surplus or margin together with the 
margins generated by other products is then available to cover the indirect costs. The 
surplus then remaining is called the operational margin (excluding or including costs 
of finance). This method may be extended for the computation of margins on different 
production or enterprise levels, such as a production line (first level), then a plant unit 
composed of more than one production line (second level), then the complete factory 
(third level), and finally the entire enterprise, which may operate more than one 
factory. Direct costs are often mixed up with variable costs and indirect costs with 
fixed costs, probably because most of the indirect costs are invariable or fixed. 
However, as described above, both direct and indirect costs may be variable or fixed. 
The distinction between direct and indirect costs is made to indicate the relationship 
between a cost item and a Cost centre or profit centre, while the variability (or non-
variability) describes the relationship between a cost item and the volume of 
production. 
2.3.9.6 Basic accounting statements 
Although the cash flow analysis has been adopted as the principal instrument of 
investment appraisal, it is necessary for the analyst and for those finally deciding 
whether to invest and finance a project to have an understanding of basic accounting 
principles and statements. The accounting statements are also important for the 
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analysis of the structure of project financing and for the computation of the capital 
costs of a company. In the case of rehabilitation, modernization and expansion 
projects, the accounting records of the existing company are usually the best source of 
information and the basis for starting the financial analysis. 
There are basically two categories of accounting statements: the net income statement 
or profit and loss account which is linked to the balance sheet; and the cash flow table 
for financial planning. In many countries-the balance sheet and net income statement 
must be published in the case of certain types of corporations. 
a- Balance sheet 
A balance sheet is a statement showing the accumulated assets - the wealth - of a 
company and how this wealth is financed. The sources of finance are treated as the 
aggregate liabilities of the company vis-à-vis those providing it with funds, namely 
the investors (equity shareholders) and the group of creditors, banks and debenture 
holders. By definition both sides of a balance sheet, representing assets and liabilities, 
are equal.  
The projected balance sheet in the feasibility study should consist of estimates of key 
items, such as cash and other current assets (in particular, raw materials, accounts 
receivable, work-in-progress, and finished products), fixed assets, as well as equity 
and loan capital and current liabilities that are required for the smooth performance of 
the enterprise. The series of projected balance sheets shows then the projected 
development of the accumulated assets and how these are financed. 
As far as the investor is concerned, the investment criterion overruling all other 
project-related business objectives is the financial feasibility of an investment project. 
This means that the financial return on both the total capital invested and on the paid-
in equity capital is sufficiently high. However, the interest of the parties involves a 
wider field of decision criteria than that represented by net returns on capital invested.   
Although sufficient returns are essential for a project to be approved, investments 
must be justified usually within a wider context, which for investors and financiers 
includes any gains, whether net profits or non-cash benefits, resulting directly or 
indirectly from an investment. For investment appraisal such external or indirect 
benefits should be expressed in monetary terms whenever possible, if the decision 
makers want to include such criteria for the approval of a project. 
b- Cash-flow concept 
Investment has been defined as a long-term commitment of economic resources made 
with the objective of producing and obtaining net gains in the future. The 
conventional methods of investment appraisal, which will be discussed later, basically 
evaluate the expected net profit (sales income less costs and income taxes) against the 
capital invested. For the purpose of investment appraisal it is, however, necessary to 
assess and evaluate over a certain period, all inputs required and all outputs produced 
by the project. The information contained in the net income statements and projected 
balance sheets is, however, not sufficient for this purpose, and therefore the 
discounted cash-flow concept has become the generally accepted method for 
investment appraisal. 
Similarly, the cash-flow concept is needed for planning of the flow of financial 
means, in other words, of the sources and application of funds. 
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c- Basic assumptions underlying cash-flow discounting 
The basic assumption underlying the discounted cash-flow concept is that money has 
a time value in so far as a given sum of money available now is worth more than an 
equal sum available in the future. This difference can be expressed as a percentage 
rate indicating the relative change for a given period which, for practical reasons, is 
usually a year. Considering that a project may obtain a certain amount of funds F, if 
this sum is repaid after one year including an agreed interest I, the total sum to be paid 
after one year would be (F+ I), where 
F + I= F (1 + r) 
and r is defined as the interest rate (in percentage per year) divided by 100 (if the 
interest rate is, for example, 12.0 per cent, then r equals 0.12). 
Supposing that CFn is the nominal value of a future cash flow in the year n, and CFP, 
the value at the present time (present value) of this expected inflow or outflow, then 
(assuming that r is constant): 
CFP = CFn / (1+ r) n 
d- Main discounting methods 
There are two main discounting methods used in practice for the appraisal of 
investment projects, as far as the evaluation of financial feasibility is concerned: the 
net-present-value method (often referred to as NPV method), and the internal-rate-of-
return (IRR) method, sometimes also referred to as the discounted-cash-flow method. 
- Net present value 
The net present value of a project is defined as the value obtained by discounting, at a 
constant interest rate and separately for each year, the differences of all annual cash 
outflows and inflows accruing throughout the life of a project. This difference is 
discounted to the point at which the implementation of the project is supposed to start.  
- Net-present-value ratio 
If one of several project alternatives has to be chosen, the project with the largest 
NPV should be selected. This needs some refinement, since the NPV is only an 
indicator of the positive net cash flows or of the net benefits of a project. In cases 
where there are two or more alternatives, it is advisable to know how much 
investment will be required to generate these positive NPVs. The ratio of the NPV 
and the present value of the investment (PVI) required is called the net-present-value 
ratio (NPVR) and yields a discounted rate of return. This should be used for 
comparing alternative projects. The formula is as follows: 
 
=         PVI 
 
 
In summary, the NPV has great advantages as a discriminatory method compared 
with the payback period or the annual rate of return, discussed later, since it takes 
account of the entire project life   and of the timing of the cash flows. The NPVR can 
also be considered as a calculated investment rate which the profit rate of the project 
should at least reach. The shortcomings of the NPV are the difficulty in selecting the 
NPV 
      NPVR 
  Page 71
appropriate discount rate and the fact that the NPV does not show the exact 
profitability of the project. For this reason the NPV is not always understood by 
business people used to thinking in terms of a rate of return on capital. It is therefore 
advisable to use the internal rate of return. 
- Internal rate of return 
The internal rate of return is the discount rate at which the present value of cash 
inflows is equal to the present value of cash outflows. In other words, it is the 
discount rate for which the present value of the net receipts from the project is equal 
to the present value of the investment, and the NPV is zero.  
- Discounted return on equity capital 
The concept of cash flow discounting can also be applied to determine the NPV of an 
investment from the point of view of the shareholders. Two positions may be 
distinguished: 
• The cash returns on equity as represented by annual payments of dividends are 
discounted at the opportunity cost of capital of the shareholders. The NPV for 
shareholders is obtained by deducting the total of discounted paid-in equity 
from the accumulated discounted dividend payments. If this NPV is positive 
for the planning period of shareholders, the investment would be able to pay 
the required returns. The IRR for this cash flow shows the profitability of 
equity capital, as represented by dividends paid. 
• The cash surpluses generated annually, that is, after debt service and corporate 
tax, but before payment of dividends, is discounted. The discounted net cash 
flow from the point of view of the shareholders is obtained by deducting the 
total discounted equity payments from the accumulated discounted cash 
surpluses (that is, the accumulated discounted return on equity capital).  
2.3.9.7 Conventional methods 
a- Payback period 
The payback, also called pay-off period, is defined as the period required recovering 
the original investment outlay through the accumulated net cash flows earned by the 
project. It is important to note that the cash flows of a project are used to calculate the 
payback.  
The payback method is mainly criticized for its concentration on the initial phase of 
the production period, without taking into account, for the investment decision, the 
performance of the plant after the payback period. This critical argument would be 
justified if an investment decision is entirely based on the payback method.  
b- Project financing 
The allocation of financial resources to a project constitutes an obvious and basic 
prerequisite for investment decisions, for project formulation and pre-investment 
analysis, and for determining the cost of capital (without which the decision to accept 
or reject a project on the basis of the NPV and IRR cannot be made). A feasibility 
study would serve little purpose if it was not backed by a reasonable assurance that 
resources were available for a project if the conclusions of the study proved positive 
and satisfactory. A preliminary assessment of project financing possibilities should 
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already have been made in most cases before a feasibility study is undertaken. This is 
especially true if a project opportunity or pre-feasibility study has previously been 
performed, as such studies would indicate the order of magnitude of the required 
capital outlay. A feasibility study should only be made if financing prospects to the 
extent indicated by such studies can be defined fairly clearly. 
2.3.9.8 Sources of finance: 
a- Equity 
A generally applied financing pattern for an industrial project is to cover the initial 
capital investment by equity and long-term loans to varying extents, and to meet 
working capital requirements by additional short- and medium-term loans from 
national banking sources. However, as explained before, the minimum net working 
capital requirements should be financed from long-term capital. Within this 
framework various permutations are possible and need to be assessed. 
b- Loan financing 
Since it is relatively easy for a sound project to obtain loans, the process of project 
financing may well start by identifying the extent to which loan capital can be 
secured, together with the interest rate applicable. Such loan capital would need to be 
separately defined in the following forms: short- and medium-term borrowings from 
commercial banks for working capital purposes, or supplier credits of various forms; 
and long-term borrowings preferably from national or international development 
finance institutions. 
- Short-term loans  
Short-term loans from commercial banks and local financial institutions are available 
against hypothecation, or pledging, of inventories. The limits to which inventories are 
financed by commercial banks are fixed by the banks, and depend on banking 
practices in the country, the nature of the project and inventories, and the credit rating 
of the enterprise and its management. The limits usually vary between 50 and 80 per 
cent, leaving a margin of from 20 to 50 per cent of inventories to be financed from 
other sources, preferably venture capital. 
 
- Long-term loan 
Loan financing is usually subject to certain regulations, such as restrictions on the 
convertibility of shares and declaration of dividends. Apart from these regulations, 
certain ratios in the capital structure of the company need to be maintained. 
Investment may also be financed partly by issues of bonds and debentures. The 
market for bonds and debentures tends to be fairly limited as far as new projects are 
concerned, but such securities are often issued to finance the expansion of existing 
enterprises. 
An important source of finance is also available at government-to-government level 
for many developing countries. This can take the form of general bilateral credit or 
tied credit, which may be related to the purchase of machinery and equipment from a 
particular country or even from a particular source. 
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c- Supplier credits  
Imported machinery and spares can often be financed on deferred credit terms. 
Machinery suppliers in industrialized countries are generally willing to sell machinery 
on deferred-payment terms with payments spread over 6 to 10 years, and sometimes 
even longer. Deferred payment terms are available against bank guarantees; this 
enables such machinery suppliers to obtain refinancing facilities from financial 
institutions in their own countries. 
2.3.9.9 Financial evaluation under conditions of uncertainty 
Forecasts of the future business environment and of demand, production and sales can 
be only an approximation, because it is not possible, on the basis of past data, to 
determine more than a past trend, which may be extrapolated into an uncertain future 
of primary importance in the appraisal of an investment project is the reliability of the 
data assessed and of the project design  (marketing concept and sales programme, 
selection of project inputs and location, choice of technology, engineering design, 
management, personnel and organization, as well as the implementation of the 
project). To minimize uncertainty with regard to the reliability of project data and 
design, the financial analyst should check whether the feasibility study covers all 
aspects relevant to the investment and financing decisions. Then the study must 
indicate all sources of data, and any assumptions made should be explained and 
justified. Only when the feasibility study fulfils these basic requirements should the 
analysis of the business risks begin. The most common reasons for uncertainty, 
however, are inflation, changes in technology, false estimates of the rated capacity, 
and the length of the Construction and running its periods. The problem of uncertainty 
is aggravated by the phasing of a project over tune. Investments also underlie many 
developments and changes in the political, social, commercial and business 
environment, as well as changes in technology, productivity and prices. 
To cope with the risks involved in any significant investment, management has 
basically the following two options with regard to a policy on risks: to seek insurance 
against various risks identified for an investment project; to identify the possibilities 
for active risk control or risk management. The main instrument of the insurance 
strategy is to invest (finance) only when the expected returns are higher titan the cost 
of capital plus the risk margin. This concept, however, can be successful only when 
the investor has an investment portfolio, in other words, when his risks are spread over 
a number of carefully selected investments. Practically, only large business groups 
and financing institutions have this possibility, while most of tine owners of firms do 
not dispose of enough funds to invest in different projects. 
a- Sensitivity analysis 
With the help of sensitivity analysis it is possible to show how the net cash returns or 
the profitability of an investment alter with different values assigned to the variables 
needed for the computation (unit sales price, unit costs, sales volume etc.). Sensitivity 
analysis should be applied already during the project planning stage, when decisions 
concerning major inputs are being taken. The element of uncertainty could be reduced 
at this stage by finding the optimistic and pessimistic alternatives, and thus 
determining the commercially most realistic combination of project inputs for the 
business environment (or scenario) favored by the decision makers. 
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To determine the critical variables the structure of cash flows should be analyzed first. 
The variables having the greatest share of cash inflows and outflows are then subject 
to variations of quantities or prices or both parameters at the same time. For example, 
usually a few products out of a product range generate most of the sales revenues, but 
this does not necessarily mean that these products also make the greatest contribution 
to the return or gross profits. The direct costing method should therefore be applied to 
identifying the variable margin generated by one unit of each product having a 
significant share of sales revenues. Similarly, those cost items need to be identified 
which, in case of prices or quantities deviating from the forecasts, would have a 
significant impact on the variable margin and the operating profit as well.  
This exercise can be performed by assigning values to the critical variables 
corresponding to reasonably pessimistic, normal and optimistic scenarios, and by the 
computation of the discounted cash flows (IRR or NPV) and any ratios etc. chosen as 
a yardstick for investment appraisal. With the help of sensitivity analysis it is possible 
to identify the most important project inputs, such as raw materials, labours and 
energy, and to determine any possibilities of input substitution, as well as the critical 
elements of the marketing concept. 
b- Break-even analysis 
The purpose of break-even analysis is to determine the equilibrium point at which 
sales revenues equal the costs of products sold. When sales (and the corresponding 
production) are below this point, the firm is making a loss, and at the point where 
revenues equal costs, the firm is breaking even. Break-even analysis serves to 
compare the planned capacity utilization with the production volume below which a 
firm would make losses. The break-even point can also be defined in terms of 
physical units produced, or of the level of capacity utilization at which sales revenues 
and production costs are equal. The sales revenues at the break-even point represent 
the break-even sales value, and the unit price of a product in this situation is the 
break-even sales price. If the production programme includes a variety of products, 
for any given break-even sales volume there would exist a variety of combinations of 
product prices, but no single break-even price. 
2.3.9.10 Evaluation of inflation risks 
The question as to whether and when to use constant or current (inflated) prices in 
financial analysis has already been discussed in section B of this chapter. It has been 
shown that for the evaluation of net cash flows and the profitability of the project, 
inflation effects may be ignored, provided the relative prices of the major project 
inputs and outputs are likely to remain constant for the project lifetime. However, if 
relative prices are likely to change (for example, in the costs of labour, imported 
goods and services, replacement of fixed assets, and of local or international market 
prices of the goods produced), the sensitivity of the projected cash flows to such 
inflation effects should be analysed in the feasibility study. The analysis should not be 
limited to the determination of the sensitivity to changes in relative prices of project 
inputs and outputs, bttt should also identify possible strategies to cope with inflation 
risks (for example, any contractual obligations should include proper price escalation 
clauses). 
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2.3.9.11 Economic evaluation 
As pointed out earlier, the financial evaluation aims at assessing the financial and 
commercial feasibility of a project from the point of view of the investors and 
financiers. The enterprise performance within a business environment is analyzed, 
taking all expenses for project inputs as cash outflows, and the income from 
operations (sales revenues) as cash inflows. Financial resources required to implement 
and utilize the investment are inflows from the 4 point of view of the firm (outflows 
for the banks, shareholders etc.), and the costs of finance as well as repayment of 
liabilities are financial outflows for the firm. All inputs and outputs are valued at 
market conditions. This means that the analyst and decision makers measure the net 
gains or benefits generated by the investment in financial terms, including the net 
benefits front the overall investment as well as the surplus left to investors (equity or 
share capital), taking into consideration the individual time preferences of the 
investors and financing institutions. 
There are various reasons for definite public interest in the economic evaluation of 
investment projects. For example, in the absence of “perfect” markets, the market 
mechanism cannot ensure the optimal allocation of resources front the national point 
of view under any circumstances. The maximization of financial surplus at the level 
of the firm does not folly reflects all other national development objectives. 
Sometimes there is inadequate competition, which enables some firms to develop a 
monopolistic position in the market. On the other hand, government intervention 
(through taxes, subsidies, customs duties. interest rates, price controls, import quotas 
etc.) often distorts time market prices of traded goods and services, resulting in the 
failure of those prices to reflect the true economic value of such goods and services. 
The economic evaluation of investment projects may be characterized as follows. 
• The national development impact of a project is assessed and evaluated; 
• Project inputs and outputs are valued at shadow prices  that reflect their true 
value to the national economy; 
• Direct effects on the economy (involving imports, exports, employment, 
foreign exchange, supply and demand, ecological conditions etc). as well as 
indirect effects (affecting performances in other sectors, through reduced 
under-utilization of installed capacities, new investment (initiatives etc.), are 
included in the analysis where significant (these effects may be economic 
benefits or costs, both tangible and intangible); 
• Social time preferences   are accounted for. 
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Chapter 3 
3 Thermal Generation in Sudan. 
3.1 Types of Thermal Generation. 
There are four types of installed thermal generation in Sudan, mainly as follows: 
Diesel generation 
Steam generation 
Gas turbine generation 
Combined Cycle Gas & Steam power station. 
3.1.1 Diesel Generation: 
a- Introduction 
Diesel generation is first and older type of electrical generation used in Sudan as base 
generation in the past in the grid, but now is partially removed from the grid except in 
the remote terminal at Girba & Kassala Power stations. Burri Power Station was the 
largest Diesel Power Plant in the Grid but now it's no longer available due to fire 
burning in the year 2003. In isolated areas, the electrical power supply is mainly based 
on diesel generation. New diesel generation is expected to be installed as private (IPP) 
generation in Kilo X, Khartoum and possibly addition in Kassala or Girba.  The type 
of fuel used in the diesel power plants is gas oil. 
b- Existing Grid Diesel Generation Power Plants: 
b.1 Kassala diesel station 
Generating units at the Kassala Power Station are required to be synchronized during 
peak load periods to provide voltage support to the grid.  The Power Station at 
Kassala comprised of 5 diesel units with a total rated capacity of 7.6 MW. Units 1 to 4 
were rated at 1 MW each and had an effective site available capacity of 800 kW each. 
Units 5 & 6 are SWD 280 type and are rated 3.6 MW. These units ware installed in 
1990 and have an effective gross capacity of 2.5 MW.  
b.2 Khashm El Girba diesel station 
This station comprises 2 units. Unit 1 is rated at 2.9 MW while unit 2 is rated at 
3.5 MW. These units ware due to retire in 2002, but they have been rehabilitated 
and still working.  
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c- Existing Off-Grid Diesel Generation Power   Plants: 
c.1 Introduction 
The basis against which all development plans for the off-rid regions will be 
compared is that of building individual power stations in each town/city. In the Sudan 
the distances between towns are generally great, and the cost of constructing 
transmission lines from a central station to each town is extremely high. However, it 
is also unlikely that the resources of manpower and management which would be 
required to run several hundred diesel engines in numerous separate power stations 
would be available. It is therefore preferable, in a marginal case, for a town to be 
linked to an existing system or a town supply instead of constructing a new power 
station. For this reason, where appropriate, larger units should be installed in existing 
power stations and enlarging the area served by the network to meet the growth in 
demand rather than increasing the number of smaller isolated networks. The proposed 
approach for linking the isolated networks is to identify the plant which would be 
required in a local power station to meet the forecast demand for electricity. The 
possibility of linking the town to the closest neighboring towns or the closest grid 
point is then examined and the cost of the two alternatives compared. We expect the 
amount of reserve plant to be planned for the isolated towns and small systems to be 
based on an 'N-1' criteria whereby the total installed capacity should exceed the 
forecast demand  
by at least the rating of the largest unit. This proposed level of reserve must not be as 
large as that provided in more industrialized countries, but in the context of the 
remote towns and villages in the Sudan; it may be considered that this amount of 
spare plant will ensure that the consumers obtain an acceptably secure supply of 
electricity.  
c.2 Existing generation 
Loads in other parts of the country (which are considered to be remote from the 
capital city Khartoum) are supplied from local generation (mainly diesel engines) 
connected to local networks using distribution voltage (33 kV, 11 kV & 0.415 kV). 
The isolated networks comprise 10 States. Each State comprises one or more town or 
city as set out below: 
1. Red Sea State - Port Sudan 
2. River Nile State - Atbara and Shendi 
3. Northern State - Karima1, Dongola and Wadi Halfa 
4. Kordofan North State - El Obeid and Um Ruwaba 
5. Darfoor South State - Nyala 
6. Darfoor North Sate - El Fasher 
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7. Darfoor West State - El Geneina 
8. Bahr El Gabal State - Juba 
9. Bahr El Gazal State - Waw 
10. Upper Nile State - Malakal 
c.3 Red Sea State 
 
Port Sudan is the main city within the Red Sea State and is currently the only port for 
Sudan. The port handles the export of agricultural products and the import of finished 
products from other parts of the world. There are also some manufacturing activities. 
The current development in Port Sudan is mostly around the city, with the port being 
the focal point of economic activities. Clearly development is constrained eastwards 
by the Red Sea. The military and defense installations north of the city limit 
development northwards while westwards, development would be constrained by the 
mountains. Hence future development would be extending towards the south, around 
Bashaaaier Oil Terminal and around the Free Zone extending to Sawaaakin. 
The City is served by two diesel power stations, (B) and (C). Station A is now retired. 
It was commissioned between 1972 and 1983, and comprised three 5.2 MW Crossley 
Diesel engines and two 2.5 MW Ruston gas turbine units, adding up to a total 
installed capacity of 20.6 MW. Station B comprises two 775 kW CAT gas oil-fired 
diesel units with a total effective capacity of 900 kW, and two 600 kW units with a 
total effective capacity of 850 kW. Station C comprises three 6.2 MW Sulzer Diesel-
fired units with a total effective capacity of 17.1 MW. Recently additional Diesel 
units are added in Station (C) with a total capacity of 20 MW. 
The total number of consumers is around 17,763 and energy sales for the year 2004 
are reported to be around 58 GWh. Maximum unsuppressed demand is estimated at 
55 MW. The total fuel consumed by the Port Sudan power stations is reported to be 
about 14,012 tones which translate to a specific consumption of about 0.24 kg/kWh.* 
c.4 River Nile State 
 
Within the River Nile State, NEC supplies two isolated networks in the towns of 
Atbara and Shendi. The Atbara power station has an installed capacity of 15.1 MW 
(10.6 MW available capacity) comprising four 3.5 MW BWSC diesel units installed 
between 1985 and 1989, and one (currently not operational) BWSC 1.1 MW diesel 
unit installed in 1984. It is reported that all units are in need of rehabilitation work. 
The total number of consumers supplied by NEC is about 32,745 with a maximum 
demand in 2004 estimated at around 20 MW. Electricity sales were estimated at 50.5 
GWh. Fuel consumed amounted to 11,798 tones of diesel. This translates to specific 
consumption equivalent to 0.23 kg/kWh sent out.  
The power station in Shendi has an installed capacity of 5.92 MW (4.4 MW available 
capacity), comprising four 1.18 MW BWSC diesel-fired units installed between 1982 
and 1988, and two CAT gas oil-fired 0.6 MW diesel units installed in 1995. The total 
number of consumers supplied by NEC is about 12,366 with a maximum demand in 
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2004 estimated at around 10 MW. Electricity sales were estimated at 24.9 GWh. Fuel 
consumed (diesel and gas oil) amounted to 5,491 tones. This translates to specific 
consumption equivalent to 0.22 kg/kWh sent out. 
c.5 Northern State 
 
Within the Northern State, NEC supplies three isolated networks in the towns of 
Karima, Dongola and Wadi Halfa. We understand that NEC recently disposed of 
Karima by selling the power station and licensing to a private operator. 
The Dongola power station has an installed capacity of 2.3 MW (2.0 MW available 
capacity) comprising two 0.6 MW (0.5 MW effective capacity) CAT gas oil-fired 
diesel units installed in 1996, and one CAT 1.1 MW (1.0 MW effective capacity) gas 
oil-fired diesel unit installed in 1999. The total number of consumers supplied by 
NEC is about 6,545 with an unsuppressed maximum demand in 2004 estimated at 
around 6 MW. Electricity sales were estimated at 9.3 GWh. Fuel consumed amounted 
to 2,707 tones of gas oil. This translates to specific consumption equivalent to 0.29 
kg/kWh sent out.  
The Wadi Halfa power station has an installed/effective capacity of 1.8 MW 
comprising three 0.6 MW CAT gas oil-fired diesel units installed between 1993 and 
1997. The total number of consumers supplied by NEC is about 1,287 with an 
unsuppressed maximum demand in 2004 estimated at around 2 MW. Electricity sales 
were estimated at 1,761 MWh. Fuel consumed amounted to 459 tones of gas oil. This 
translates to specific consumption equivalent to 0.26 kg/kWh sent out.  
c.6 Kordofan North State 
 
Within the Kordofan North State, NEC supplies two isolated networks in the towns of 
El Obeid and Um Ruwaba. The El Obeid power station has an installed capacity of 
9.5 MW (9.0 MW available capacity) comprising two 3.4 MW (3.2 MW effective 
capacity) SWD units installed in 1987, and one 2.7 MW Ruston unit (2.6 MW 
effective capacity) installed in 1984. The total number of consumers supplied by NEC 
is about 13,889 with an unsuppressed maximum demand in 2004 estimated at around 
12 MW.  
Electricity sales were estimated at 31.9 GWh. Fuel consumed amounted to 8,863 
tones. This translates to specific consumption equivalent to 0.28 kg/kWh sent out. 
The Um Ruwaba power station has an installed/effective capacity of 2.1 MW 
comprising three 290 kW Blackstone gas oil-fired diesel units installed in 1975 (these 
units have been retired) and two 600 kW (450 kW effective capacity) CAT gas oil-
fired diesel units. The total number of consumers supplied by NEC is about 2,471 
customers with an unsuppressed maximum demand in 2004 estimated at around 5 
MW. Electricity sales were estimated at 2,218 MWh. Fuel consumed amounted to 
1,043 tones of gas oil. This translates to specific consumption equivalent to 0.47 
kg/kWh sent out. Specific consumption is relatively high but this could be attributed 
to the incomplete records received for Um Ruwaba. 
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c.7 Darfoor South State 
 
Within the Darfoor South State, NEC supplies one isolated network in the town of 
Nyala. The Nyala power station has an installed capacity of 7.52 MW (3.96 MW 
available capacity) comprising two 960 kW (560 kW effective capacity) 6PA6L 
diesel fired units installed in 1985, and two 8PC2.5 gas oil-fired diesel engines 2.8 
MW each (3.4 MW total effective capacity) installed in 1985. 
The total number of consumers supplied by NEC is about 11,480 customers with an 
unsuppressed maximum demand in 2004 estimated at around 8.5 MW. Electricity 
sales were estimated at 10,832 MWh. Fuel consumed (diesel and gas oil) amounted to 
3,132 tonnes. This translates to specific consumption equivalent to 0.29 kg/kWh sent 
out. 
c.8 Darfoor North State 
 
Within the Darfoor North State, NEC supplies one isolated network in the town of Al 
Fasher. The Al Fasher power station has an installed capacity of 5370 kW (1450 kW 
available capacity) comprising three 860 kW HOLBEY diesel units (430 kW effective 
capacity each) installed between 1983 and 1989 and three 600 kW CAT diesel units 
installed between 1993 and 1995 (effective capacity amounts to 600 kW from two 
units - 300 kW each, having retired the third unit). A further 1000 kW COKERILL 
diesel unit which was commissioned in 1987 is now retired. We estimate the total 
number of consumers supplied by the Al Fasher power station to be about 9501 
requiring an estimated unsuppressed demand of 5000 kW. Sales are estimated to be in 
the region of 16 MWh in 2004. Fuel consumed (diesel and gas oil) amounted to 3,132 
tonnes. This translates to specific consumption equivalent to 0.29 kg/kWh sent out. 
c.9 Darfoor West State 
 
Within the Darfoor West State, NEC supplies one isolated network in the town of El 
Geneina. The El Geneina power station has an installed capacity of 1520 kW (840 kW 
available capacity) comprising two 400 kW CAT diesel units (320 kW effective 
capacity each) installed in 1994 and one 
315 kW CAT engine (200 kW effective capacity) installed in 1989. Two 200 kW 
WOLA units were installed in 1989 have been retired. The total number of consumers 
supplied by the El Geneina power station was estimated to be about 1,769 customers 
requiring an estimated unsuppressed demand of 800 kW. Sales are estimated to be in 
the region of 3000 MWh in 2004. Fuel consumed (diesel and gas oil) amounted to 
3,132 tonnes. This translates to specific consumption equivalent to 0.29 kg/kWh sent 
out. 
c.10 Bahr El Jabal State 
 
Within the State of Bahr El Jabal, NEC supplies one isolated network in the town of 
Juba. The Juba power station has an installed capacity of 3.0 MW (2.55 MW available 
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capacity) comprising three 1.0 MW (850 kW effective capacity each) MAN diesel 
fired units installed in 1985. 
The total number of consumers supplied by the Juba power station was estimated to 
be about 10,500 requiring an estimated unsuppressed demand of 5 MW. Sales are 
estimated to be in the region of 15 MWh in 2004. Fuel consumed (diesel and gas oil) 
amounted to 3,132 tonnes. This translates to specific consumption equivalent to 0.29 
kg/kWh sent out. 
c.11 Bahr El Gazal State 
Within the State of Bahr El Gazal, NEC supplies one isolated network in the town of 
Waw. The Waw power station has an installed capacity of 1.6 MW (1.2 MW 
available capacity) comprising two 800 kW(600 kW effective capacity each) BWSC 
diesel fired units installed in 1983. 
The total number of consumers supplied by the Waw power station was estimated to 
be about 4,400 customers requiring an estimated unsuppressed demand of about 2 
MW. Sales are estimated to be in the region of 8 GWh in 2000. 
c.12 Upper Nile State 
 
Within the Upper Nile State, NEC supplies one isolated network in the town of 
Malakal. 
The Malakal power station has an installed capacity of 960 kW (400 kW available 
capacity). It comprises two 180 kW CAT diesel units installed in 1985 (these units are 
out of service and are expected to be replaced by two 1 MW Chinese diesel sets), and 
one 600 kW diesel set (400 kW effective capacity) installed in 1995. 
The total number of metered and un-metered consumers served by the Malakal power 
station is estimated to be around 2,543 with a maximum demand of 1200 kW. Sales 
are estimated to be in the region of 5000 MWh in 2004. Fuel consumed (diesel and 
gas oil) amounted to 3,132 tonnes. This translates to specific consumption equivalent 
to 0.29 kg/kWh sent out. 
3.1.2 Steam Generation: 
 
Steam generation is used as base generation, it forms about forty percent of the total 
generation in the national grid. There is one main power station; Khartoum North, 
now renamed as Dr. Mahmoud Sharief Power Station, which is located on the right 
bank of the Blue Nile, roughly opposite Burri Power Station, but some 4 km away 
from the actual river bank. The present installation consists of four oil-fired steam 
units. Two steam units were installed in 1984/86 and are rated at 33 MW with an 
effective capacity of 30 MW each. Two additional units were installed in 1993, rated 
at 60 MW each with an effective capacity of 55 MW each. All four units are fired on 
HFO 3500 Redwood and are capable of operating at base load, particularly during the 
dry season. The total gross available capacity of the steam units is approximately 170 
MW. 
The plant is linked with the National Grid at 110 kV level to Kuku & Izergab and to 
Eid Babikir Substations.   
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Garri 4, Sponge Coke fired steam power station, is recently committed to be installed 
in Algaili near the Refinery with a capacity of 2x50 MW. It's planned to be 
commissioned in three years time.  
There is Steam generation in sugar factories of small capacities, used as alternative for 
the Grid power supply. The type of fuel used is the remaining of the sugar canes after 
treatment (Bagas). 
3.1.3 Gas Turbine Generation 
The gas turbine generation was used in the past as standby, due to the high 
consumption of fuel & large cost of generation. Now they are used as base generation, 
due to shortage in power generated, also the operation cost of them is very high. The 
total generated power from gas turbines is about 130 Megawatts. 
Four units are installed in Khartoum North power station, two with capacities of 20 
MW each & two with capacities of 25 MW each.  
Two units are installed in Kuku with capacity of 10 MW each. One unit installed in 
Burri with 10 MW & one unit in Kilo X with capacity of 10 MW. 
One of the two units that are installed in Kuku has failure in the rotor since 2000. 
3.1.4 Combined Cycle (Gas/Steam) Generation 
Gas turbines are costive in generation if they are used as base generation, but when 
they are combined with steam turbines, they will be economically operated. This type 
of generation is installed in Algaili power plant with capacity of 360 Megawatts in 
total. 
Algaili plant I consisted of four gas turbines & two steam units, each of capacity 30 
MW were construction and operated on year 2003, resulting in a total capacity of 180 
MW from plant I. 
Algaili plant II consisted of three gas turbines each with 40 MW capacities were 
operated in the year 2003 & additional one GT with capacity of 40 MW & two steam 
unit with capacity of 40 MW each will follow in few coming years, depending on 
finance. 
3.2 Technical Feature 
3.2.1 Diesel power Plant 
The diesel power plant consists of the following components: 
1- The engine 
2- The generator 
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3- The exciter 
Normally the engine has three main systems which are connected in three separate 
loops, mainly are fuel system; lubricating system & the cooling system (see Figure 
3.1). 
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FIGURE 3.1: System flow diagram of diesel power plant 
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FIGURE 3.2: Heat balance in a modern (M.A.N.) Diesel Power Plant 
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FIGURE 3.3: Power-Heat coupling System 
 
3.2.2 Steam Power Plant 
A simple Steam Power Plant consists of a boiler, turbine, condenser and a pump. Fuel, 
burns in the boiler and super-heater, heats the water to generate steam. The steam is 
then heated to a superheated state in the super-heater. This steam is used to rotate the 
turbine which powers the generator. Electrical energy is generated when the generator 
windings rotate in a strong magnetic field. After the steam leaves the turbine it is 
cooled to its liquid state in the condenser. The liquid is pressurized by the pump prior 
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to going back to the boiler.  Figure 3.5 illustrate the simple steam power plant cycle. 
A simple power plant is described by a Rankine Cycle 
 
RANKINE CYCLE 
 
Saturated or superheated steam enters the turbine at state 1, where it expands 
isentropically to the exit pressure at state 2. The steam is then condensed at constant 
pressure and temperature to a saturated liquid, state 3. The heat removed from the 
steam in the condenser is typically transferred to the cooling water. The saturated 
liquid then flows through the pump which increases the pressure to the boiler pressure 
(state 4), where the water is first heated to the saturation temperature, boiled and 
typically superheated to state 1. Then the whole cycle is repeated 
 
FIGURE 3.4: Rankine Cycle 
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FIGURE 3.5: STEAM POWER PLANT CYCLE 
 
REHEAT 
When steam leaves the turbine, it is typically wet. The presence of water causes 
erosion of the turbine blades. In order to prevent this feature, steam is extracted from 
high pressure turbine (state 2 in the Ts diagram figure 3.4), and then it is reheated in 
the boiler (state 2') and then sent back to the low pressure turbine.  
 
FIGURE 3.6: REGENERATION IN RANKINE CYCLE 
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REGENERATION 
 
Regeneration helps improve the Rankine cycle efficiency by preheating the feed-
water into the boiler. Regeneration can be achieved by open feed-water heaters or 
closed feed-water heaters. In open feed-water heaters, a fraction of the steam exiting a 
high pressure turbine is mixed with the feed-water at the same pressure.  
In closed system, the steam bled from the turbine is not directly mixed with the feed-
water, and therefore, the two streams can be at different pressures.  
 
 
FIGURE 3.7: SIMPLE STEAM POWER PLANT COMPONENT 
 
3.2.3 Gas Turbines Power Plants 
 
General 
 
Gas turbines find only limited application as prime movers for power generation in 
utilities networks. This is because gas turbine generators typically have significantly 
higher heat rates than steam turbine or diesel power plants; their higher fuel costs 
quickly outweigh their initial advantages in most applications. Applications in general 
include: 
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a. Supplying relatively large power requirements in a facility where space is at a 
significant premium, such as hardened structure. 
b. Mobile, temporary or difficult access site, such as a troop support or lie of sight 
station. 
c. Peak shaving, in conjunction with a more efficient generating station. 
d. Emergency power, where a gas turbine’s light weight and relatively vibration-free 
operation are of greater importance than fuel consumption over short periods of 
operation. However, the starting time of gas turbines may not be suitable for a 
given application. 
e. Combined cycle or cogeneration power plants where turbine exhaust waste heat 
can be economically used to generate additional power and thermal energy for 
process or space heating. 
 
Fuels 
 
Each manufacturer has his own specification on fuel acceptable for his turbine. The 
high grade liquid fuels such as Diesel No. 1 or 2 and JP-4 or JP-5 will likely be 
acceptable to all manufacturers. Use of heavier oils is possible with a specially 
designed turbine. The heavy oil will have to be cleaned up to reduce corrosive salts of 
sodium, potassium, vanadium, and sulfur–all of which will elevate the cost of the fuel. 
Storage and handling at the site will also be more costly, particularly if heavy oil such 
as No. 6 was involved because of the heating requirement. 
No. 4 oil will increase transfer pumping costs a bit but, except in extremely cold 
regions, would not require heating. 
Plant arrangement 
 
a. General. Turbine generator units are frequently sold as complete packages which 
include all components necessary to operate, ready for connection to the fuel 
supply and electrical distribution system. This presents the advantages of faster 
lead time, well matched components and single point of performance 
responsibility. 
b. Outdoor vs. indoor. 
 
(1) Outdoor. Outdoor units can be divided into two sub-types. 
- The package power plant unit is supplied with the principal components of the unit 
factory assembled into three or more skid mounted modules, each with its own 
weatherproof housing the separate modules have wiring splits, piping connections, 
and housing flanges arranged so that the modules may be quickly assembled into a 
unit on a reinforced concrete pad in the field. Supplementing these main modules 
are the inlet and exhaust ducts, inlet silencer and filters, exhaust silencer, fuel tanks, 
unit fuel skid, and unit auxiliary transformer which are connected by piping and 
cables to the main assembly after placing on separate foundation as may be 
required. 
- The other outdoor sub-type is a similar package unit except that the weatherproof 
housing is shipped knocked down and is, in effect, a prefabricated building for 
quick field assembly into a closure for the main power plant components. 
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- Outdoor units to be provided with all components, auxiliaries and controls 
assembled in all-weather metal enclosures and furnished complete for operation will 
be specified for Class “B” and “C” power plants having a 5-year anticipated life and 
requiring not more than four generating units. 
 
(2) Indoor. An indoor type unit will have the compressor-turbine-generator mounted 
at grade floor level of the building on a pad, or possibly raised above or lowered 
below grade floor level to provide space for installation of ducts, piping and cabling. 
Inlet and exhaust ducts will be routed to the outside through the side wall or the 
roof; the side wall is usually preferable for this so that the turbine room crane can 
have full longitudinal travel in the turbine generator bay. Filters and silencers may 
be inside or outside. All heat rejection equipment will be mounted outside while 
fuel oil skids may be inside or outside. Unit and distribution switchgear and motor 
control centers will be indoors as in a conventional steam power plant.  
Turbine efficiency loss due to back pressure is also a factor to be considered. 
 
Equipment and auxiliary systems 
 
The gas turbine package is a complete power plant requiring only adequate site 
preparation, foundations, and support facilities including fuel storage and forwarding 
system, distribution switchgear, step-up transformer, and switchyard. If the fuel to be 
fired is a residual oil, a fuel washing and treating plant is also required. 
The scopes of a package gas turbine generator include the following: 
(1) Compressor and turbine with fuel and combustion system, lube oil system, turning 
gear, governor, and other auxiliaries and accessories. 
(2) Reduction gear. 
(3) Generator and excitation system. 
(4) AC auxiliary power system including switchgear and motor controls. 
(5) DC power system including battery, charger, and inverter if required. 
(6) External heat rejection equipment if required. 
(7) All mechanical and electrical controls. 
(8) Diesel engine or electric motor starting system. 
(9) Unit fuel skid. 
(10) Intake and exhaust ducts. 
(11) Intake air filters. 
(12) Acoustical treatment for intake and exhaust ducts and for machinery. 
(13) Weatherproof housing option with appropriate lighting, heating, ventilating, 
air conditioning and fire protection systems. 
3.2.4 Combined Cycle Power Plants: 
When tow thermal systems are combined, then the new system is called a combined 
cycle & higher efficiency can be achieved. Normally when two cycles are combined, 
the cycle at the higher temperature level is called the topping cycle where as the cycle 
at the lower temperature is called the bottoming cycle. The topping & bottoming 
cycles are coupled in a heat exchanger. The most accepted commercial combination is 
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that of gas topping & water/steam bottoming. Figure 3.8 shows a simplified flow 
diagram of a combined cycle. 
 
FIGURE 3.8: SIMPLE COMBINED CYCLE POWER PLANT 
Thermodynamic principles of the Combined-Cycle Plant 
The Carnot efficiency is the efficiency of the ideal thermal process and is given by the 
following formula: 
E
AE
C Τ
Τ−Τ=η
 
Cη  = Carnot efficiency 
EΤ  = Temperature of the Energy supplied, [K]. 
AΤ  = Ambient Temperature, [K]. 
Naturally, the efficiencies of real process are lower since there are losses. Energetic 
losses are mainly heat losses and are energy that is lost from the process. Exergetic 
losses are internal losses caused by irreversible process in accordance with the second 
law of thermodynamics. 
1
2 4
5 
7
1 Compressor   2 Gas Turbine  3 Heat Recovery Steam Generator               
(HRSG) 
4 Steam Turbine 5 Condenser  6 Fuel supply  7 Generator (ST.) 
8 Generator (Gas) 
8 
6
3
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For a combined cycle power plants, actual efficiencies are around 75% of the Carnot 
efficiency, where for conventional steam power plants, this figure is around 80%. The 
difference between the actual efficiencies attained by the combined cycle power plant 
and the other processes are therefore not large as illustrated in table 3.1 below.  
TABLE 3.1: COMPARISON OF CARNOT EFFICIENCY TO DIFFERENT PLANTS 
 GT ST CC 
Average temperature of heat 
supplied, K (0R)
1000 – 1350  
(1800 – 2430) 
640 – 700    
(1152 – 1260) 
1000 – 1350  
(1800–2430) 
Average temperature of 
dissipated heat, K (0R)
550 – 600   
(900 – 1080) 
300 – 350   
(540 – 630) 
300 – 350   
(540 – 630) 
Carnot efficiency, % 45 - 50 45 - 57 65 - 78 
GT = Gas Turbine power plant 
ST = Steam Turbine power plant 
CC = Combined cycle power plant 
Efficiency of Combined Cycle Turbine: 
The general definition of electrical efficiency of a combined cycle power plant is 
given by: 
SFGT
STGT
cc QQ +
Ρ+Ρ=η
 
GTΡ =Gas Turbine output 
STΡ =Steam Turbine output 
GTQ =Gas Turbine fuel input 
SFQ =Additional / Supplementary firing fuel input 
The equation is called the gross efficiency of the combined cycle. If the auxiliary 
consumption is considered, then the net efficiency 
 SFGT
AuxSTGT
netcc QQ +
Ρ−Ρ+Ρ=,η
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Combined Cycle concept: 
The simplest combined cycle is the basic single pressure cycle, so called because the 
Heat Recovery Steam Generator (HRSG) generates steam for the steam turbine at 
only one pressure level. A typical flow diagram is shown in the figure 3.9 below, 
shows a gas turbine exhausting in a single HRSG. 
The steam turbine (7) has a steam turbine bypass around it (8) into the clearance, 
which is used to accommodate the steam if for any reason it cannot be admitted to the 
steam turbine. A condensate pump (10) is used to pump the condensate back to the 
feed-water tank (11) and feed-water pump (12) returns the feed-water to the HRSG. In 
case the pressure at the steam turbine bleed point becomes too low at off design 
condition, the heating steam for the dearator is extracted from the steam turbine with a 
pegging steam supply (14) from the HRSG drum. 
The HRSG consists of three heat exchanger sections: the economizer (5), the 
evaporating loop (4) and the super-heater (3).  
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FIGURE 3.9: SIMPLE COMBINED CYCLE POWER PLANT COMPONENTS 
Figure 3.10, below shows the heat balance for the single-pressure cycle where m 
equal 73.3 kg/s steam at 105 bars and 5680C is generated. A loss of temperature and 
pressure in the live steam line is seen, after which the steam is expanded in a steam 
turbine with an output of 94.8 MW. The resulting gross electrical efficiency of the 
cycle is 57.7%. 
G 
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2 7
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8
 13
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G 
1 Compressor   2 Gas Turbine    3 Super-heater   
4 Evaporator    5 economizer    6 Drum   
7 Steam Turbine  8 Steam Turbine Bypass  9 Condenser    
10 Condensate Pump   11 Feed-water Pump   12 Feed-water Drum  
13 Gas Turbine Cooler 14 Pegging Steam Line
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Energetic utilization of the exhaust heat is relatively low, considering that the feed-
water temperature is 600C, as illustrated by the stack temperature of 1330C. This is 
shown in the energy flow diagram, Figure 3.11, 11.4% of the fuel energy supplied is 
lost through the stack. Another 29.9% is discharged in the condenser and 1% is 
equipment losses. 
 
 
FIGURE 3.10: HEAT BALANCE FOR SINGLE PRESSURE CYCLE 
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FIGURE 3.11: Energy Flow Diagram of A Single Pressure Combined Cycle 
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 CHAPTER 4 
 
4 POWER PLANTS ECONOMY 
 
4.1 Cost of electricity: 
The cost of electricity is a specific term related to MWh of electricity produced. It 
consists of mainly of capital cost, fuel cost and operation and maintenance costs. In 
the current trend towards deregulation of the power generation industry the cost of the 
generated electricity is a key element when selecting the type of power plant for a 
given application. There are other factors such as permitting procedure, financiability 
(loan structure), environmental concerns and construction time…..etc. 
Every power plant is designed to keep the power cost as low as possible. Fuel is one 
of the major factors which affect on the electric power cost.  
Capital cost per unit of electricity for a given power plant depend on the price and 
amortization rate for that plant, on the interest or on the desired yield on capital 
investment (annuity factor) and on the load factor of the plant. As discussed in chapter 
2, capital costs are also influenced by the interest during construction. 
Fuel cost per unit of electricity is proportional to the specific price of the fuel and 
inversely proportional to the average electrical efficiency of the installation, and this 
efficiency η  differed from electrical efficiency at rated load, which is defined as 
follows: 
1.4......................................................................................... operηηη =
  
η  Is the electrical efficiency at rated load (which is, the % of the fuel that is 
converted into electricity at rated load) 
operη  Is the operating efficiency, which takes, into account the following losses: 
Start-up and shutdown losses. 
Higher fuel consumption for part load operation. 
Other miscellaneous energy and heat losses. 
 
Operation and maintenance costs consist of fixed costs of operation, maintenance and 
administration (staff, insurance, etc.) and the variable costs of operation and 
maintenance and repair (consumables, spare parts, etc.). 
By adding the capital cost, fuel cost and operation and maintenance cost the cost of 
electricity is calculated. Present value is generally the basis used for economic 
comparisons of power plants. 
The cost of electricity (US$/MWh) is calculated as follows: 
 
ELΥ  =  2.4.......................................................
..
.
varUTp
U
p
TCR
eq
fixF
eq
++Υ+Τ
Ψ
η    
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Where: 
TCR is the capital requirement to be written off in US$. 
Ψ Annuity factor, 
1)1(
)1(
−+
+=Ψ n
n
i
ii     
p rated power output in MW 
Teq equivalent utilization time at rated power output, in hours/annum (h/a) 
YF price of fuel (US$/MWh thermal = 3.412XUS$/MBTU) 
 
η  Average plant efficiency 
 
fixU   Fixed cost of operation, maintenance and administration….etc. (US$/a) 
 
varU   Variable cost of operation, maintenance and repair…etc. (US$/a) 
i  is discount rate (% per annum) 
n  is amortization period in years. 
 
The equivalent utilization time at rated output is the electrical energy generated by a 
plant in a period divided by the rated output. 
The cost of electricity can be calculated by using the equivalent utilization time and 
the fuel price as variables, but it must be understood that the calculated cost of 
electricity is an average figure. In deregulated power generation market, power 
stations do not quote on an average cost of electricity basis but on basis of demand 
and supply. 
Fixed costs are: 
Interest and depreciation on capital. 
The fixed costs of operation, maintenance and     administration (e.g., staff). 
Variable costs are: 
The variable costs of operation, maintenance and repair (e.g., spare parts)…etc. 
 
For a time of low demand and high supply (e.g., night hours), power stations can 
quote a price as low as the variable costs and for short periods of time, an even lower 
figure, since stopping a station also has costs. 
During time of high demand (e.g., noon peak), they can quote at a level which will 
recuperate additional fixed costs.  
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4.2 Comparison of turnkey prices of different thermal power plants: 
 Many factors affect the price of power plant-site-related factors such as soil 
conditions; earthquake factors; noise limits; types of cooling and corresponding 
structures; emission limits; labour rates; commercial risks; legal regulation, and so on. 
Figure 4.1 below shows how specific investment costs for various types of power 
plants depend on power out put. 
The figure shows the low investment costs required for the gas turbine, which have 
contributed significantly to its wide spread acceptance. 
Taken together with its simplicity and short start-up time to full load, the gas turbine 
is an attractive peak load machine. Steam power plants are more expensive than 
combined-cycle power plants. A coal fired plant, for example, costs approximately 
two times more than a combined-cycle plant with the same output. 
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FIGURE 4.1: Comparison of Turn Key Thermal Power Plants 
 
 
 
Nuclear power plants are very expensive and have a wide range of investment costs 
due to the strict emphasis on safety standards, legislation requirements and other local 
considerations. Combined –Cycle plants are quite inexpensive and therefore easier to 
finance compared to conventional steam and nuclear plants, which makes off-balance 
sheet financing possible for investors. 
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The figure below shows the breakdown of the total cost in a combined cycle plant 
between the main equipment. 
 
 
 
 
4.3 Comparison of efficiency and fuel costs: 
 
Due to the expensive fuel (like LNG), efficiency of the power plant is very important 
to an economical plant operation. The efficiency of a power station is defined as: 
 
HI
Pnet=η
 
 
Where: 
 
netP  Power output at high voltage terminals of the step-up transformer in MVA. 
This number considers the power consumption of all the plant auxiliaries. 
HI  Heat input to the power station in MJ/s measured at the plant boundary (i.e. 
mass flow of the fuel multiplied by the lower heating value of the fuel). 
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4.4 COMFAR III 
 
A programme from the UNIDO called COMFAR III is a package module for making 
feasibility studies, can be used for projects evaluations. Below is a brief description of 
the programme: 
 
 
COMFAR POSSIBILITIES  
 
PROJECT TYPES: 5 
- industrial 
- agricultural 
- tourism 
- infrastructure 
- mining 
 
LEVELS OF ANALYSIS: 2 
- opportunity study 
- feasibility study 
 
COMFAR POSSIBILITIES... 
 
- NEW PROJECTS 
- EXISTING ENTERPRISES 
- EXPANSION 
- MODERNIZATION 
- REHABILITATION 
- ECONOMIC ANALYSIS 
- VALUE ADDED 
- COST BENEFIT ANALYSIS 
- APPRAISAL OF JOINT- VENTURES 
 
COMFAR LAYOUT: 
 
- PLANNING HORIZON 
- CONSTRUCTION PHASE: 0 TO 10 YEARS 
- PRODUCTION PHASE: UP TO 50 YEARS 
- START UP PHASE: UP TO 24 MONTHS 
- CURRENCIES: UP TO 20 
-  
- EXPANDING NODES: UP TO 20 SUBNODES IN 5 LEVELS 
- AUXILIARY MODULES 
- SENSITIVITY ANALYSIS 
- ON LINE HELP FEATURES  
 
GRAPHICAL USER INTERFACE 
 
- WINDOWS 
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- MENU BAR 
- BUTTONS 
- FIELDS 
- SCROLL BAR 
- LIST BOX 
- PANELS 
- CURSORS 
MENUS OF COMFAR 
- FILE 
- MODULE 
- EDIT 
- DISPLAY 
- PRINT 
- GRAPHICS 
- PROJECT 
- PES 
FILE: 
-  NEW, LOAD, CLOSE, SAVE, EXIT 
MODULE: 
- DATA INPUT, SELECT RESULTS, CALCULATION, SHOW 
RESULTS 
- SENSITIVITY, MATERIAL FLOW, ANALYZE, PROJECT 
DATABASE 
EDIT: 
– DEFAULTS, CALCULATOR, REMARKS, EDIT NODE, ASSIGN 
ECONOMIC ANALYSIS 
DISPLAY:  
– VERTICAL, HORIZONTAL, EXTEND, LANGUAGES, COLOURS 
PRINT:  
– SELECTED ITEM, ADD TO PRINT JOB, PRINT JOB, PAGE 
SETUP, PRINTER SETUP 
GRAPHICS:  
– HORIZONTAL GRID, VERTICAL GRID, COORDINATES, 
OVERLAY, RANGE, COMPARE, PARAMETRIC ANALYSIS 
PROJECT 
PES: IMPORT, EXPORT 
– project identification 
– planning horizon 
– products 
– currencies 
– discounting 
– fixed investment 
– production costs 
– sales programme 
– working capital 
– sources of finance 
– taxes, allowances 
  Page 105
Infra structure type layout: 
 
 
The following is a layout of infra structure type of COMFAR III which is considered 
suitable for application to NEC power plants projects. 
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Infra Structure 
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Continue Infra 
Structure 
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Continue Infra 
Structure 
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Continue Infra 
Structure 
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4.5 NEC MODULE 
 
NEC module is an excel module created to carry out a financial analysis for projects. 
The inputs for the program are cost, discount rate, number & installments ….etc. The 
output is a net present value (NPV) & internal rate of return (IRR).  
A sample for program layout is as shown below. 
The coloured values, i.e., available value of MW, tariff value, gas oil cost, load factor 
…..etc, are the variable values to be input to the program.
<PROJECT NAME>  
(NEC Module for Project Appraisal)  
Currancy  m US$ Local Foreign Available mw 180.0 Exchange  rate $ 1=LS  260           IRR 14.44% 
Capital cost 149.7 7.488 142.21 Tariff = $cents  7.0 Tariff = SD 18.2        NPV   $171.05  
Down 
payment   0.10 
Insurance 
cost   8.77 Balance 128.0                    
  Fixed Costs  US$ m gas OIL 
Annual 
Expenses  
US$ m   
      Total Load     Annual Revenue  US$  Business   
Year 
Insura
nce 
Gener- Total Cost Finance Oper- Depre- Fuel Total An.  Exp. Factor Annual Tariff Total Annual Accum.  Profit   
   ation Assets $ / ton cost ation ciation LF 
Expense
s   %  GWH 
 $ 
cent  Sales Benefits Revenue Tax  at Year 
      a           B c=a+b       d d - c   0.0   
0 8.77 14.22 23.0     0.0     0.0 23.0 0%     0.0 -23.0 -23.0   0 
1  28.1 28.1   0.0   0.0 28.1 0%   0.0 -28.1 -51.1     
2  53.7 53.7   0.0   0.0 53.7 0%   0.0 -53.7 -104.8     
3  53.7 53.7   0.0   0.0 53.7 0%   0.0 -53.7 -158.5     
4   16.0 257 8.3 3.1 5.8 42.4 59.6 75.6 85% 1340 7.0 93.8 18.2 -140.3   1 
5   16.0 257 7.3 3.1 5.8 42.4 58.6 74.6 85% 1340 7.0 93.8 19.2 -121.0   2 
6   16.0 257 6.2 3.1 5.8 42.4 57.5 73.5 85% 1340 7.0 93.8 20.3 -100.8   3 
7   16.0 257 5.2 3.1 5.8 42.4 56.5 72.5 85% 1340 7.0 93.8 21.3 -79.5   4 
8   16.0 257 4.2 3.1 5.8 42.4 55.5 71.5 85% 1340 7.0 93.8 22.4 -57.1   5 
9   16.0 257 3.1 3.1 5.8 42.4 54.4 70.4 85% 1340 7.0 93.8 23.4 -33.7   6 
    
10   16.0 257 2.1 3.1 5.8 42.4 53.4 69.4 85% 1340 7.0 93.8 24.4 -9.3   7 
11   16.0 257 1.0 3.1 5.8 42.4 52.3 68.3 85% 1340 7.0 93.8 25.5 16.2   8 
12     0.0 257   3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 58.7   9 
13     0.0 257   3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 101.2 0.0 10 
14   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 143.7 0.0 11 
15   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 186.2 0.0 12 
16   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 228.8 0.0 13 
17   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 271.3 0.0 14 
18   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 313.8 0.0 15 
19   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 356.3 0.0 16 
20   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 398.8 0.0 17 
21   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 441.3 0.0 18 
22   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 483.8 0.0 19 
23   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 526.3 0.0 20 
24   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 568.9 0.0 21 
25   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 611.4 0.0 22 
26   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 653.9 0.0 23 
27   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 696.4 0.0 24 
28     0.0 257   3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 738.9 0.0 25 
 
    
 
 
Chapter 5 
 
5 Results & Comments 
 
5.1 Data of Algaili Combine Cycle Power Plant Project: 
 
Project identification: 
The project consists of two blocks, block 1 consists of two gas turbines designed for 
LPG & Gas oil, combined with one steam turbine and will be operated by LPG. 
Block 2 consists of two gas turbines designed for LPG & gas oil combined with one 
steam turbine and will be operated by gas oil. 
 
The heat consumption of the plant is 8131.44 KJ/kWh for gas oil use, and 8149.66 
KJ/kWh for LPG use. 
The plant fuel consumption is 190.4 g/kWh for gas oil use and 180.6 g/kWh for LPG 
use. 
The plant efficiency is 44.27% for gas oil operation and 44.17% for LPG operation 
The gas and steam units output is 31.6 MW for gas oil operation and 32.4 MW for 
LPG operation 
 
Project Cost: US$ 149,760,000 
Foreign portion: 95% 
Local portion:  5% (to be paid in SD) 
Insurance: (credit + its interest) 8.8% of the foreign portion. 
 
Term of payment for foreign portion: 
Down payment: 10% of foreign portion. 
Grace period: 32 months after down payment. 
90% to be paid in equal payments through a repayment period of 7 years & 6 months 
after the grace period, with equal payments and annually interest rate of 6.5%, started 
at 16nth month, to be paid in US$. 
Term of payment for local portion: 
15% down payment together with foreign portion. 
80% according to the civil works progress. 
2.5% after final acceptance of Block 1. 
2.5% after final acceptance of Block 2. 
 
Construction time: 32 months 
 
Operation and maintenance cost (Excl. F.): 
Fixed cost  US$ 1,186,690/ann. 
Variable cost US$ 1,863,090/ann. 
Average total plant output  180 MW 
Expected load factor    85% 
Salvage value     5,000,000 US$ 
Using straight line method, the depreciation was calculated as follows: 
Annual Depreciation  (149,760,000-5,000,000)/25 
     =  390400 US$ 
 
    
Since the fuel is only used for the four GT units, then the fuel cost was calculated as 
follows: 
Fuel consumed per year 120x365x0.85x24x0.185 ton 
     = 165,301.2tons 
Fuel cost   256x165,301.2 US$= 42,500,000 US$ 
     =42.5mUS$ 
The tariff cost can be calculated as follows: 
 
Total Plant cost   149.7US$m 
Assumed life time   25 years 
Assumed Salvage value  5US$m 
Depreciation/ann    (149.7 -5)/25=5.998mUS$ 
Operating Cost   3USm 
Fuel Cost    42.5US$m 
Load factor    0.85 
Total Cost    50.5USm 
Calculated Plant tariff  = {(5+42.5+6)*1000000}/ (182*24*365*0.85) 
=0.0399US$ 
From practice the transmission line cost is about  
0.6 – 0.9 US$ cent. 
The distribution and sales cost can be calculated as follows: 
Dist. & Sales cost =Assumed Tariff – (Gen. Tariff +T.L + Losses) 
Losses are assumed 40% of sales =.4x9.5=3.76$cent 
  
Now Sales & Distribution cost can be calculated as: 
S & D cost  =9.5-(4.6+3.76) =1.14$cent 
Then total tariff of the KWh for the thermal combined cycle plant is 9.5 –10 cent US$ 
 
 
The average tariff used by NEC is a combination of the thermal & hydro tariff costs. 
Normally it is less than this calculated value.  
NEC has a certain way for tariff calculation based on the actual total cost. 
Applying above data, with 7 US$ cent tariff of KWh unit, to both NEC financial 
model & Comfar III program, the output of the two programs are as shown on the 
following pages. 
 
    
 
5.2 Application to COMFFAR III & results 
 
PROJECT TITLE:  ALGAILI COMBINED CYCLE   
 
PROJECT DESCRIPTION:  
THE PROJECT CONSISTS OF FOUR GAS TURBINE UNITS COMBINED WITH TWO STEAM TURBINES, EACH 
OF CAPACITY 30 MW.  THE PROJECT IS LOCATED NEAR THE KHARTOUM REFINARY NOTH OF ALGAILI , 
70 KM NORTH OF KHARTOUM.   
 
Date and time:    
    
Project classification: New project   
    
Construction phase:  1/2001 – 12/2003   
Length:   3 years   
Production phase:  1/2004 – 1/2028   
Length:   25 periods   
    
Accounting currency: US Dollar (US$)   
Units: Absolute   
Local currency:  Sudanese Dinar (SD)  
Exchange rate:  1.0000 US$ = 260.0000 SD   
    
    
INVESTMENT COSTS   
       Total construction  Total production  Total investment 
Total fixed investment costs    146,500,000.00  0.00    146,500,000.00 
Total pre-production expenditures   2,000,000.00   0.00    2,000,000.00 
    
Pre-production expenditures (net of interest) 2,000,000.00   0.00    2,000,000.00 
Interest      0.00    0.00    0.00 
Increase in net working capital   0.00    713,950.93   713,950.93 
TOTAL INVESTMENT COSTS   148,500,000.00  713,950.93   149,213,950.93 
    
    
SOURCES OF FINANCE    
       Total construction  Total production  Total inflow 
Total equity capital     129,100,000.00  70,000,000.00   199,100,000.00 
Foreign      0.00    70,000,000.00   70,000,000.00 
Local       129,100,000.00  0.00    129,100,000.00 
Total long-term loans    19,400,000.00   125,800,000.00  145,200,000.00 
Foreign      19,400,000.00   125,800,000.00  145,200,000.00 
Local       0.00    0.00    0.00 
Total short-term loans    0.00    0.00    0.00 
Foreign      0.00    0.00    0.00 
Local       0.00    0.00    0.00 
Accounts payable     0.00    2,607,756.38   2,607,756.38 
TOTAL SOURCES OF FINANCE  148,500,000.00  198,407,756.38  346,907,756.38 
    
    
INCOME AND COSTS, OPERATIONS    
       First year 1/2004-1/2005 Reference year 1/2004-1/2005 Last year 1/2027-1/2028 
SALES REVENUE    100,282,728.00  100,282,728.00   100,282,728.00 
Factory costs     74,600,778.00   74,600,778.00    85,600,778.00 
Administrative overhead costs  110,000.00   110,000.00    110,000.00 
OPERATING COSTS   74,710,778.00   74,710,778.00    85,710,778.00 
Depreciation     22,153.85   22,153.85    22,153.85 
Financial costs    0.00    0.00     0.00 
TOTAL PRODUCTION COSTS  74,732,931.85   74,732,931.85    85,732,931.85 
Marketing costs    0.00    0.00     0.00 
    
COSTS OF PRODUCTS   74,732,931.85   74,732,931.85    85,732,931.85 
Interest on short-term deposits  0.00    0.00     0.00 
GROSS PROFIT FROM OPERATIONS 25,549,796.15   25,549,796.15    14,549,796.15 
Extraordinary income   0.00    0.00     0.00 
Extraordinary loss    0.00    0.00     0.00 
Depreciation allowances   0.00    0.00     0.00 
GROSS PROFIT    25,549,796.15   25,549,796.15    14,549,796.15 
Investment allowances   0.00    0.00     0.00 
TAXABLE PROFIT    25,549,796.15   25,549,796.15    14,549,796.15 
Income (corporate) tax   0.00    0.00     0.00 
NET PROFIT    25,549,796.15   25,549,796.15    14,549,796.15 
    
    
 
RATIOS    
    
Net Present Value of Total Capital Invested     at 6.50 % 131,319,757.59  
Internal rate of return on investment (IRR)     16.01 %   
Modified IRR on investment       15.05 %   
Net Present Value of Total Equity Capital Invested    at 0.00 % 501,744,903.85  
Internal rate of return on equity (IRRE)      24.41 %   
Modified IRRE on equity        24.41 %   
 
 
 
    
 
Algaili I Combined Cycle Power Plant  
(NEC Module for Project Appraisal)  
Currancy  m US$ Local Foreign Available mw 180.0
Exchange  rate $ 
1=LS  260           IRR 14.44% 
Capital cost 149.7 7.488 142.21 Tariff = $cents 7.0 Tariff = SD 18.2        NPV   $171.05  
Down 
payment   0.10 
Insurance 
cost   8.77 Balance 128.0                    
                           
  Fixed Costs  US$ m gas OIL 
Annual 
Expenses  
US$ m   
      Total Load     Annual Revenue  US$  Business   
Year 
Insurance 
Gener- Total Cost Finance Oper- Depre- Fuel Total An.  Exp. Factor Annual Tariff Total Annual Accum.  Profit   
   ation Assets $ / ton cost ation ciation LF Expenses   %  GWH 
 $ 
cent  Sales Benefits Revenue Tax  at Year 
      a           b c=a+b       d d - c   0.0   
0 8.77 14.22 23.0     0.0     0.0 23.0 0%     0.0 -23.0 -23.0   0 
1  28.1 28.1   0.0   0.0 28.1 0%   0.0 -28.1 -51.1     
2  53.7 53.7   0.0   0.0 53.7 0%   0.0 -53.7 -104.8     
3  53.7 53.7   0.0   0.0 53.7 0%   0.0 -53.7 -158.5     
4   16.0 257 8.3 3.1 5.8 42.4 59.6 75.6 85% 1340 7.0 93.8 18.2 -140.3   1 
5   16.0 257 7.3 3.1 5.8 42.4 58.6 74.6 85% 1340 7.0 93.8 19.2 -121.0   2 
6   16.0 257 6.2 3.1 5.8 42.4 57.5 73.5 85% 1340 7.0 93.8 20.3 -100.8   3 
7   16.0 257 5.2 3.1 5.8 42.4 56.5 72.5 85% 1340 7.0 93.8 21.3 -79.5   4 
8   16.0 257 4.2 3.1 5.8 42.4 55.5 71.5 85% 1340 7.0 93.8 22.4 -57.1   5 
    
9   16.0 257 3.1 3.1 5.8 42.4 54.4 70.4 85% 1340 7.0 93.8 23.4 -33.7   6 
10   16.0 257 2.1 3.1 5.8 42.4 53.4 69.4 85% 1340 7.0 93.8 24.4 -9.3   7 
11   16.0 257 1.0 3.1 5.8 42.4 52.3 68.3 85% 1340 7.0 93.8 25.5 16.2   8 
12     0.0 257   3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 58.7   9 
13     0.0 257   3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 101.2 0.0 10 
14   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 143.7 0.0 11 
15   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 186.2 0.0 12 
16   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 228.8 0.0 13 
17   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 271.3 0.0 14 
18   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 313.8 0.0 15 
19   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 356.3 0.0 16 
20   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 398.8 0.0 17 
21   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 441.3 0.0 18 
22   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 483.8 0.0 19 
23   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 526.3 0.0 20 
24   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 568.9 0.0 21 
25   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 611.4 0.0 22 
26   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 653.9 0.0 23 
27   0.0 257  3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 696.4 0.0 24 
28     0.0 257   3.1 5.8 42.4 51.3 51.3 85% 1340 7.0 93.8 42.5 738.9 0.0 25 
                   
    
Notes:                                                                                                                                                                       
(1)CCs generating plant is renewed in year 25             
(2) Gas Oil consumption is rated 185 grams / kwh (which includes lubricants) -for combine cycle plant .     
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5.4 Comments on the Results & Recommendation 
 
5.4.1 Comments: 
Having observations of the two above models, the results are not same. The IRR is 
differing from one module to the other in value (14.44% in NEC module & 16.01 % 
in Comffar III), but both gives good indication for the results. For the NPV values 
there is also slight difference in the two figures (171.05 m$ in NEC Module & 131.32 
m$ in Comffar III). The difference in figures is due to the data entry for each 
program. The Comffar III program requires a very precise data entry.  
It was very clear that the operating cost, namely the fuel cost is a major factor 
determining the output of the two programs. The tariff also is another major factor, 
because it has some effects on the sales and annual revenue.  
The annual installments of the repayment, the interest rate affects also on the IRR and 
also the other parameters. 
For the operating cost, the fuel cost is the key player plus slight effects of the 
operating & maintenance (O & M) cost. It is normally the effects of the operating and 
maintenance cost appears as the life time of the plant is decaying. 
The internal rates of return for the two modules are acceptable, but the IRR for the 
Comffar III is rather higher than that got from NEC model. 
The Net Present Value (NPV) in both models shows that for a 7 US$ cent is 
acceptable, bearing in mind that the actual tariff applied by NEC now is 10 US$ cent. 
 
5.4.2 Recommendations: 
 
I would highly recommend that UNIDO computer program, Comffar III is the most 
suitable program to be used for the financial analysis of thermal power plants 
feasibility studies if a precise data entry with break down has been used. 
This require a good training on the program and possibly abroad training in the 
UNIDO labs in VIENNA, AUSTRIA, can be done.   
 
 
 
    
REFERANCES: 
 
• NEC LONG TERM POWER PLAN 90 BY ACRES 
• UPDATED NEC LONG TERM POWER PLAN BY PB POWER 
• COMBINED CYCLE STEAM/GAS POWER PLANTS BY ROLF H. 
KEHLHOFER & JUDY WARNER 
• M.A.N B & W CONTRACT DOCUMENTS 
• NEC RESOURCES 
 
 
 
